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The Appendix to a small work on " Electrical Measure- 
ments,'* by one of the Authors, containing many elec- 
trical data and formulae, having proved useful, and met 
with approval amongst telegraphists, they have been 
induced to undertake the following more complete com- 

« 

pilation, which they believe will supply an admitted 
want. . 

In bringing together such a heterogeneous mass of 
materials it has been found difficult to follow consistently 
any systematic plan of arrangement ; but it is hoped that 
il a tolerably copious index will render this unavoidable 

absence of system a matter of small importance. 

In the following pages, the " specific resistance** of any 
insulator has been assumed to be the resistance of a 
cube knot of the material, at 75° F., calculated from its 
measured resistance in the form of a cable. In the same 
way, its ^^ specific electro-stctiic capacity** is taken as the 

♦ "An Elementary Treatise on Electrical Measurements, '' &c., 
by Latimer Clark. E. & F. N. Spon, Charing Cross, 1868. 
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capacity of a cube knot reduced from the measured 
capacity of a cable. The reason why the authors have 
adopted these definitions is because, the knot being the 
accepted unit of length in cable work, it saves, when 
thus employed, the introduction of numerical constants 
in some of the formulae, and at the same time affords 
convenient values in megohms and microfarads respec- 
tively. The resistance of a cube knot is the same as 
that of a strip of the material whose thickness (in the 
direction of the current) is the same as its breadth, and 
whose extent of surface, the other way, is one knot. 

The word mil has been retained as representing the 
thousandth part of an inch, which in electrical work is 
found to be a unit of measure of constant practical 
application. 

The names farad^ ohm, and volt, have not been 
formally sanctioned by the Committee appointed to 
report on units by the British Association ; they have, 
however, come into hourly use among the members 
of the Committee, and among electricians at large ; and 
are doubtless destined to be adopted universally. It 
may be mentioned that, by common consent, the value 
at first assigned to the farad^ as expressing the unit of 
capacity, has now been assigned to the microfarad: this 
was done to preserve the unity and simplicity of the 
system. The word veber has also been introduced to 
express the unit quantity of electricity, or that which 
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passes through one ohm^ in one second^ with a difference 
of tension of one volt 

The Authors have made free use of every source of 
information which was available to them, and have to 
acknowledge the ready assistance and co-operation they 
have received at all hands. Their thanks are par- 
ticularly due to Sir Charles Wheatstone, Mr. G. Preece, 
Mr. Willoughby Smith, Mr. Charles Hockin, Mr. Herbert 

* 

Taylor, Mr. Bruce Warren, and Mr. H. C. Forde, for 
useful contributions : they are also indebted to the works 
and writings of Sir W. Thomson, Mr, C. W. Siemens, 
Messrs. Brook and Longridge, Mr. Fleeming Jenkin^ 
and many others whom it is needless to particularize. 
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Formnlse of the absolute system of Units. 

1. Fundamental units. 

Length or space = L. Time = T. Mass = M. 

2. Derived Mechanical Units. 

L«M 



Work = W = 



Force = F = 



LM 



Velocity = V = — . 

3. Derived MagneticcU Units, 

Strength of the pole of a magnet . • « = Li T — * M* 
Moment of a magnet , . , * • »«/ = Li T-* M*. 
Inteasity of a magnetic field . H = L -* T -* M*. 

4. Electro-magnetic system of Units, 

Qmntity of Electricity . . . Q = L* x M*. 

Strength of Electric Current . C = L* T -* M*. 

Electro-motive force . . . . E = Li T -* M*. 

Resijtance of conductor . . R = L T -\ 

B 



2 Units. 

5- Electro-static system of Units. 
Quantity of electricity . . . ^^ = Li T -^ M* = z/ Q. 
Strength of electric currents . ^ = L' T -^ M* = z/ C. 

Electro-motive force . . . ^ = L* T - ' M*= -. 

V 

Resistance of conductor . . r = L "* T . . = -„. 

Note. — V = 310,740,000 metres, per second approximately ; the 
ratio of the electro-static to the electro-magnetic miit of quantity. 

Force^ Work, and Performance. 
The unit of force in the system of absolute measures 
is defined to be that force which would produce in a 
body weighing one gramme a velocity of one metre per 
second. Now gravitation, acting upon a freely falling 
body, accelerates it 9*81 metres per second. Therefore, 
calHng the natural unit of force the terrestrial accele- 
ration of one gramme, it is evident that the absolute 

unit of force will be only the — r-th part of it, or — -- of 

9-81 " 9*8i 

a gramme, acted upon by the earth's attraction, or simply 

the weight of — r- gramme. 

9*8i 

The unit of work or mechanical effect is the unit of force 

carried up through one metre ; it is therefore equal to 

-i- gramme raised one metre high. 
9*8j 

The unit of mechanical performance may, in the same 
way, be defined as the unit of work performed in the 

unit of time, or — tt- gramme raised one metre, in one 

9'8i ' 

second. 



Units, 3 

Electrical Units of Measurement. 

The B. A. units are becoming generally adopted in 
England and elsewhere, and we confine our measurements 
to them, as being the most rational and concordant. 

1. Resistance. — The B. A. resistance unit is called an 
ohm. It is equal to the resistance of a prism of pure 
mercury i square millimetre section and i'0486 metres 
long, at o° cent. 

One ohm is equal to lo', or 10,000,000 absolute 
electro-magnetic units. 

A megohm — the unit of resistance used in expressing 
insulations — is equal to a million ohms, A megohm is 
therefore equal to 10" absolute electro-magnetic units of 
resistance. 

A microhm is the smallest resistance unit, being equal 
to one-millionth part of an ohm^ or to 10 absolute electro- 
magnetic units. 

2. Electro-motive force, — The B. A. unit of tension or 
difference of potentials is called a volt^ which is rather 
less than the electro-motive force of a DanielFs element 

One volt equals 10* absolute electro-magnetic units of 
electro-motive force, and, according to Professor Thom- 
son's determination, is about equivalent to 0*9268 times 
the electro-motive force of a Daniell's element. 

A megavolt = one million volts. 

A microvolt = one millionth of a volt, or to -^ of an 
absolute unit. 

3. Current. — The B. A. unit of current is equivalent 
to o/te veber per secofid; or the current in a circuit having 
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an electro-motive force of one volt and a resistance of one 
ohm. 

4. Quantity. — The B. A. unit of quantity is called a 
veber* and represents that quantity of electricity which 
flows through a circuit having an electro-motive force of 
one volt and a resistance of one ohm, in one second. It 

10* 
is equal to — ^ or Y^th of an absolute unit of quantity. 



A megaveber is equal to one million vehers. 

A microveber is one millionth of a veber or 



10* 



absolute electro-magnetic units of quantity. 

5. The B. A. unit of capacity is called a farad* and 
is equal to lo""'' absolute units of capacity. The capacity 
of any electrified body is that quantity of electricity 
which it contains when the inductive surfaces have a 
difference of potential of one volt^ 

A megafarad is a vd^iovi farads. 

A microfarad is the millionth part of a farad. 

The electro-static capacity of submarine telegraph 
cables, per knot length, averages ^ of a microfarad. 

The electro-static capacity of the whole Atlantic Cable 
is less than 800 microfarads. 

6. Heat. — ^The unit of heat is the quantity of heat re- 
quired to raise one gramme of water one degree (Cent) 
of temperature. 

According to Joule a unit of heat is equivalent to 
raising 423*5 grammes weight, one metre high. Therefore 

* See Preface. 
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I unit of heat = 423*5 x 9'8i = 4155 absolute units 
of work. 

7. Electro-Chemical equivalent — One veber of electricity 
decomposes coo 142 grains of water or develops 0*0105 
cubic inches of mixed gas, at a temperature of 0° C. and 
barometer pressure of 760 ""7^. 

In a circuit through which a quantity of one veber 
passes, per second (or which has an electro-motive force 
of one volt and a resistance of one ohm), the weight of 
hydrogen gas developed, per second, is o'oooi58 grains. 

Therefore the weight of any metal reduced by the 
unit of current, per second, is 

0*000158 X its atomic weight. 

If a be the atomic weight of any metal in a salt sub- 
mitted to electrolysis ; R the resistance of the circuit in 
ohms; and E the electro-motive force in volts; the 
weight of metal reduced in / seconds will be 

o 'ooo 158 (grams). 

Various Units of Electrical Resistance. 

1. Wheatstonis unit,^ — To Professor Sir Charles 
Wheatstone is due the credit of having constructed (in 
1840) the first instruments by which definite multiples of 
a resistance unit could at will be added to or subtracted 
from a given circuit The standard resistance unit 
which he proposed ancj employed was that of i foot of 
copper wire, weighing 100 grains. 

2. JacobTs units, — Professor Jacobi of St. Petersburg 

♦ ** Phil. Trans.," 1843, vol. cxxxiii., p. 303. 
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has made various suggestions for units of electrical resist- 
ance. The unit which is commonly known as Jacobi*s 
unit, and of which he sent copies to various physicists, was 
made of a length of 25 feet of a certain copper wire, 
weighing 345 grains. 

Another proposition of Professor Jacobi was to employ 
as unit of electrical resistance that of a copper wire 
I metre long and i millimetre diameter. 

3. Siemens mercury unit — This unit represents, ac- 
cording to the definition of Dr. Werner Siemens, the 
resistance of a prism of pure mercury i metre long and 
I square millimetre section, at 0° C 

This unit was first produced in i860, and resistance 
coils in German silver wire were adjusted from it. A 
reproduction of the normal resistance tubes, in 1863, was 
found to agree within o*i per cent with the results 
originally obtained. An error, arising from the specific 
gravity of mercury having been taken as 13 "5 5 7 instead 
of 13*596, was corrected in 1866 ; so that all Siemens* 
resistance coils issued previously to that date are 0*29 per 
cent, too great. That is to say, the resistances which are 
marked as i are really 1*0029 J^ercury units, and the end 
results have to be multiplied by this constant (1*0029) i^ 
order to be expressed in mercury units according to the 
definition. One Siemens* unit = 0*9536 ohms. 

4. French and Swiss units, — In the telegraph adminis- 
trations of France and Switzerland the unit of the electrical 
resistance coils in use for some time prior to 1867 was 
equivalent to the resistance of a length of one kilometre 
of the iron wire employed for the telegraph lines, 4 
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millimetres diameter. As no very exact measurements 
are required to be made of overhead lines, these units 
were not either defined or produced very exactly, and no 
temperature was given to enable a reproduction of the 
units if it should have been deemed desirable. Conse- 
quently the unit coils of the Swiss ateliers, and those of 
Br^guet and Digney, diflfered amongst themselves as 
much as IS per cent In 1867 both Br^guct and Digney 
readjusted their units to -j^ of a mercury unit, which is 
very nfearly their original value. In all French sub- 
marine cable work, resistance coils adjusted to the mer- 
cury unit are employed. 

5. Matthiessetis unit — This unit was defined as the 
resistance of a statute mile of pure annealed copper 
wire -^ of an inch diameter, at 15*5° C. 

6. Varices unit — This unit obtained considerable 
employment in cable and line work of the E. and I. 
Telegraph Company, Mr. Varley originally con- 
structed it from a statute mile of special copper wire ^^ 
of an inch diameter; but afterwards readjusted it to 25 
mercury units. 

7. German-mile unit — The first unit of measurement 
used in the telegraph service in Berlin was that of 
a German mile (= 8238 yards) of copper wire, its 
diameter being -j^ of an inch, and its temperature 20° 
Cent Resistances adjusted to this unit were manufac- 
tured as early as 1848 by Messrs. Siemens and Co., but 
have been long since superseded in Prussia, by coils 
adjusted to the mercury unit 
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Units, 9 

Development of Heat and Work* 

According to Joules law, the quantity of heat, H, 
developed during the time, /, by a current in a circuit in 
which the current is I, and resistance, R, is 

(i.) H = P R /. 

And since I = — , we have also the expressions 

R 

(2.) H = IE/, 
and 

<3.) H = I-'.. 

We have also the equation of the quantity, per second, 
J* 

Q = ~, therefore 

(4.) H = Q E /, 
and, if q is the whole quantity passed in the time /, 

(5.) H = ^ E, 
and 

(6.) H = Q^ R /. 

Any of these expressions gives the amount of heat 
developed by the current in the time /. 

An absolute unit of work is performed, per second, by 
an absolute unit of electro-motive force in a circuit of one 
absolute unit of resistance. 

Therefore the amount of work performed in one second 

by a current of one volt in a circuit of one ohm, will be 

io*^« 
equivalent to — ^ — absolute units of work. An absolute 

unit of work is equal to — — part of a gramme raised 

io«^" 
I metre : and therefore — -,— or 1000 absolute units of 

10^ 
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lO* 

work are equal to -^ grammes raised one metre, or to 

1 01 '92 metre-grammes. And since one unit of heat is 
equivalent to 423 '5 (metre-gramme) units of work, a 
B. A. unit of electro-motive force in driving, during one 
second, through a resistance of one ohm performs work 
which is converted into 0*2405 units of heat. 

Therefore the heat H (in units of heat) developed in / 
seconds, when R and E (of the above formulae) are 
expressed in B. A. measures, is as follows : — 

H = 0-2405 — 

And the work W (in metre-grammes) performed by the 
current in driving through the circuit in the time /seconds 
will be equivalent to 

W = 101-92 -— 



GALVANISM. 

Ohm's Law. 

I. Let E be the electro-motive force, 

R the resistance, and 

I the current or quantity, per second, in any 

galvanic circuit j 

T E 
then I = ~ . 

iv 

2{. The resistance R may consist of r that of the 
battery, and'G that which is exterior to it, in which case 
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3. When a battery of n equal elements is connected 
up in series, each element having the resistance, r, 

G + nr 

4. If the n equal elements are connected up all parallel 
to each other, 

" nG + r 

5. When the elements have different resistances, r„ 
r„ Tg , . . r«, their electro-motive forces being alike, 
then in series, 

«E 

I "" G + r, + r, + r, -f. . . . + r^ 

I- 

6. When they are parallel, 

£(- + - + -+. . .- ) 



I = 






7. The battery consisting of n elements, whose electro- 
motive forces are E„ E,, E3, . . . E«, and whose re- 
sistances are r„ r,, rj, . . . r„, connected in series, 

J ^ E, + E, -f E3 + . ■ . + E. 
G + ^i + ^, + ''a + • • . + ^» ' 

8. When these unequal elements are connected pa- 
raUel 



I = 






1 2 Kirchhoff's L aws. 

Kirchhofifs Laws. 

I. The sum of the currents in all those wires which meet 
in anoint is equal to nothing. 




Let the currents which approach the point o, be 
I„ la, I3, and those which leave it be /„ i„ i^, i^, 
then 

I, + I, + I3 - /, - 4 - /j, - f^ = o. 

2. The sum of all the products of the currents and re- 
sistances in all t/ie wires which form an enclosed figure is 
equal to the sum of all the electro-motive forces in the same 
circuit 

Laws of Dynamic Electric Circuits. 

I. The strength of a galvanic current is equal to the 
quantity of electricity flowing per second ; and is the 
same in every point of an undivided conductor. 

II. The strength of the current is proportional to the 
electro-motive force, when the resistance remains con- 
stant. — {Ohm,) 

III. The current strength is inversely proportional to 
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the resistance of the conductor ; and therefore directly 
proportional to its conducting power. — {Ohm,) 

IV. The current strength is equal to the electro-motive 
force divided by the resistance. 

V. The current strength obtained with a battery of 
given surface is at its maximum when the plates are so 
divided that the internal resistance of the battery is equal 
to that of the circuit without. — (Jacobi,) 

VI. The sum of the current strengths in all those 
wires which converge to a point is equal to nothing. — 
{Kirchhoff,) 

VII. The sum of all the products of the intensities and 
resistances in all the wires which form an enclosed figure 
is equal to the sum of all the electro-motive forces in the 
same circuit — (Kirchhoff,) 

VIII. If, in any system of circuits, containing any electro- 
motive forces, a conductor exists in which the current- 
strength is equal to nothing, the currents in the remaining 
circuits will not be altered, in the least, if the circuit of 
the conductor in question be separated or removed to- 
gether with whatever electro-motive force it may contain. 

IX. If the conductor in question contain no electro- 
motive force, the currents will not be altered if, after its- 
removal, the points between which it previously existed 
be connected directly with each other. — {Bosscha,) 

x. If, on the other hand, it contained an electro- 
motive force, the points can only be joined again, whilst 
retaining the balance, by inserting between them an 
equivalent electro-motive force, but irrespective of the 
resistance which may accompany it — (Bosscha,) 
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XI. In a system of linear conductors, containing 
electro-motive forces, the current set up in any conductor, 
A, by any electro-motive force contained in any other 
conductor, B, will be identically the same as that which 
would be set up in B by an equal electro-motive force 
in PL.'—{Bosscha.) 

XII. If, in a system of electro-motive forces and con- 
ductors, there be two of the latter, say A and B, in 
which the electro-motive force in A occasions no current 
in B, whatever current may be circulating in B will not 
be affected if A be interrupted or removed ; nor will the 
current in A be altered if B be interrupted or removed, 
however the electro-motive forces in the other circuits 
may be arranged. — (Bosscha,) 

XIII. In any linear conductor through which a current 
of electricity is flowing, the difference of potential, 
between any two points with a given resistance between 
them is the same as that between any other two points 
having between them an equal resistance. — {Ohm,) 

Laws of Volta-induction. 

I. In a secondary closed circuit, the excited induction 
current is proportional to the current stiength in the 
primary circuit 

II. The induction currents arising from the action of a 
galvanic current upon itself are, both on breaking and 
making the circuit, equally great, so long as the inducing 
current strength remains equal. — {EdlundJ) 

III. AVhen a metallic closed circuit and a conductor 
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through which an electric current is circulating are either 
brought nearer to each other or separated, a current is 
induced in the metallic closed circuit. This current is 
in the reverse direction to that which would have been 
necessary to effect the approach or separation of itseE — 
(Lenz,) 

TV. The electro-motive force which a magnet excites in 
a helix of wire is, cceteris paribus^ proportional to the 
number of convolutions of the wire. — (Zenz.) 

V. The electro-motive force which a magnet excites in 
a surrounding helix is equal, whatever may be the radius 
of the coil. Therefore, the currents induced in the dif- 
ferent rings of wire are inversely proportional to their 
diameters. — (Zenz,) 

VI. The electro-motive force excited by a magnet in a 
helix of given number of turns is the sarae, whatever may 
be the thickness or conducting power of the wire. 

VII. The strengths of the induction currents in different 
spirals of equal number of turns are proportional to their 
conducting powers. 

VIII. The longer the connecting wires are, so much 
more numerous should be the convolutions in order to 
obtain the maximum current. 

IX. The more turns which can be put next to each 
other close by the magnet or magnetised armature, the 
fewer turns will be necessary to give a maximum current. 

X. The maximum of an induction current is propor- 
tional to the strength of the inducing magnet — (Zenz.) 

XI. The retardation of the development of magnetism 
in soft iron cores which are wholly covered by helices. 
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depends principally upon the opposite currents induced 
in the helices themselves. The magnetism of the simul- 
taneous currents induced in the periphery of the core, 
and the coercive force of the iron, are of less influence. — 
{Beetz,) 

XII. The retardation of the disappearance of the 
magnetism from soft iron cores which are wholly covered 
with galvanic helices, depends however principally upon 
the formation of currents in the periphery of the soft iron 
cores. — {Beetz.) 

XIII. The retardations of development and disappear- 
ance of magnetism in soft iron cores which are only 
partially covered with helices, depends principally upon 
the magnetic inertia of the iron. 

Laws of Magnetism. 

I. A magnetic field is any space in the neighbourhood 
or under the influence of a magnet — {B, A, Report) 

II. The unit pole is that which at an unit ( = i metre) 
distance from a similar pole is repelled with unit force 

r = ~|^ grammes j.—(7?.) 

III. The intensity of a magnetic field at any point is 
equal to the force which the unit pole would experience 
at that point — {lb) 

IV. The direction of the force in the field is the 
direction in which any pole is urged by the magnetism 
of the field ; this is the direction which a short, balanced, 
freely suspended magnet would assume. 
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V- An uniform magnetic field is one in which the in- 
tensity is equal throughout, and hence the lines of force 
parallel. — {Thomson.) 

VI. Opposite poles attract each other; similar poles 
repel each other. 

VII. The forces directed from any magnetic point upon 
equal masses are reciprocally proportional to the square 
of the distance. — (Muschenbrock,) 

VIII. When two magnets are very small and the distance 
between them very great in proportion to their length, 
the magnetic action between them is reciprocally pro- 
portional to the cube of their distance. — (Gauss.) 

IX. The force directed from any magnetic point upon 
any other mass upon which it acts is reciprocally pro- 
portional to the square of the distance. The total action 
between them both is, however, reciprocally proportional 
to the third power of the distance, when the latter is 
great. — ( Gauss. ) 

X. Magnetic forces between a suspended magnet and 
any mass upon which it acts are proportional to the 
square of the number of oscillations which (under their 
mutual action alone) the same magnet makes in a given 
time. — ( Coulomb. ) 

XI. Magnetic forces between a suspended magnet and 
r^ny magnetic mass are inversely proportional to the 
square of the time which the suspended magnet takes to 
complete one oscillation. — {Coulomb.) 

XII. The attraction of a magnet for an armature is pro- 
portional to the square of its free magnetism. 

XIII. The magnetism excited at any given transverse 

c 
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sectioA of a magnet is proportional to the square root oi 
the distance between the given section and the nearest 
end of the magnet. — {Dub,) 

XIV. The free magnetism at any given transverse section 
of a magnet is proportional to the difference between the 
square root of half the length of the magnet and the 
square root of the distance between the given section 
and the nearest end. — {Dub.) 

XV. The mean horizontal component of the eartJUs 
magnetism^ in England, for 1865, was = 1764 (metrical) 
units of force; i.e,^ a unit pole weighing one gramme, 
and free to move in a horizontal plane, would, under 
the action of the horizontal force of the earth's magne- 
tism, acquire, at the end of a second, a velocity equal to 
1764 metres per second. 

Laws of Electro-magnetism. 

I. If we imagine a positive current to flow through the 
axis of an ordinary corkscrew, the tip of the latter, in 
any position, represents the direction assumed by the 
north end of a magnet If a current circulate in the 
corkscrew-heUx in the direction in which it is turned, 
a soft iron core in its centre will have its north end 
towards the tip. — (Z. Clark,) 

II. The total effect of any infinitely long and straight 
conductor upon any magnetic element is inversely pro- 
portional to the perpendicular distance between element 
and the conductor. — {Biot and Savart,) 

III. A magnetic element in the axis of a circular cur- 
rent is attracted or repelled from the centre with a 
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force which is directly proportional to the superficial 
content of the circle and inversely to the third power 
of the distance of the element from the periphery. — 
( Weher,) 

IV. A circular current flowing in the plane of the 
magnetic meridian deflects a magnetic needle (which 
is infinitely short in comparison with the radius of the 
current) so that the tangent of the angle of deflection 
is proportional to the strength of the current. — ( Weber,) 

V. The magnetic intensity of a single deflected 
needle is without influence upon the angle of deflection. — 
( Weber) 

VI. If the circular conductor be turned after the de- 
flected needle until the latter again coincides with the 
plane of the former, the current strength is proportional 
to the sine of the angle through which the conductor 
is turned. 

VII. In electro-magnets, the south pole is always found 
at that end where the positive current enters a right- 
handed helix. 

VIII. The free magnetism of the end faces of an electro- 
magnet is proportional to the current strength in its 
helix. — (Dub.) 

IX. The attraction between electro-magnets is propor- 
tional to the square of the strength of the magnetising 
current. 

X. The material and the thickness of the helix wire of 
an electro-magnet are, when the current is equal, without 
influence upon its magnetism. — {Lenz.) 

XL The free magnetism of an electro-magnet, with a 
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given -current strength, is directly proportional to the 
number of turns of its helix. — (JacobL) 

XII. Its attraction is proportional to the square of the 
number of convolutions. — {Dub,) 

XIII. The attraction between two electro-magnets is 
proportional to the sum of the products of the current 
strength and number of convolutions of both helices. 

XIV. The force with which a bar of soft iron is at- 
tracted by a galvanic helix is proportional to the square 
of the product of current strength and number of con- 
volutions of the helix. — {Dub.) 

XV. The force with which a saturated steel magnet 
is attracted by a galvanic helix is directly proportional to 
the product of the current strength and number of con- 
volutions. 

XVI. The free magnetism of a solid cylindrical soft 
iron core of given length is, cceteris paribus^ proportional 
to the square root of its diameter. — {Nicklh.) 

XVII. The free magnetism at the poles of a horse-shoe 
magnet is, ^^/^fm/^r/^/^j-, proportional to the square root 
of the length. 

XVIII. The free magnetism of any given transverse sec- 
tion of an electro-magnet is proportional to the difference \ 
between the square root of half the length and the 

square root of the distance of the given section from the 
nearest end. — {Dub,) 

XIX. The poles of an electro-magnet attract most 
favourably when their faces have the same area as the 
transverse section of the magnet 

XX. The attraction between an electro-magnet and 
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its armature increases when the mass of the armature is 
increased. 

XXI. The magnetising powers of coils of one and the 
same metal, with the same surface of battery plates, 
arranged so as to give a maximum strength of current 
in each case, are as the square roots of the weights of the 
metallic wire used. — {Menzzer,)* 

Example. — Let us select two electro-magnet coils, No. i. of which 
has 36 lbs. of copper wire, giving 25 ohms resistance ; the other. 
No. 2, consists of 120 lbs. of copper wire, having a resistance of 
6*3 ohms. The battery which we use in each case consists of 104 
elements, each having 0*5 square feet surface, and an internal resist- 
ance of 0*25 ohms. 

First, it is evident that with No. I coil, we must, in order to 
obtain with the given battery the greatest current, connect up the 
elements all in series, which will give 26 ohms. Secondly, for No. 2 
coil we must connect up the battery, evidently in two parallel rows 
of each 52 elements, giving a resultant resistance of 6' 5 ohms. Both 
these methods of connection are according to the rule given at 
page 94, and both, although not exact, are the nearest approximations 
to the maxima possible without cutting the plates. 

And when we have thus obtained for each its maximum current 
with the given battery, the relations of their magnetising power 

will be No. i : No. 2 : : -y/ 36 ; -y/Tio or : : 6 : II nearly. 

Therefore the magnetising force of No. 2 coil will be 

a/ 120 I, 

— : = -— = 1*83 times that of No. i. 

a/ 36 6 

Laws of Electro-static Charge. 

I. The electro-static charge or quantity of electricity 
held inductively upon the outer surface of any insulated 
body varies directly as the tension or difference of 
potentials between the body and surrounding objects. 

* Pogg. Ann., Nov. i, 1865. 
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2. The static charge in any part of a submarine cable 
through which a galvanic current is flowing to earth, 
varies directly as the distance from "earth," at which 
it is zero. 

3. If a current flow through a telegraph wire or cable 
conductor, one end of which is to earth, and if the line 
be divided into any number of equal parts, the proportion 
of static charge in each part commencing from the earth 
end will be as the alternate odd numbers 1:3:5:7: 
and so on. Consequently, if the line be divided into 
two equal parts, their charges will be as i to 3. 

4. The quantity of electricity accumulated inductively 
between any two conducting surfaces, varies directly as 
the distance between them or as the thickness of the 
intervening dielectric. 

Free and Bound Charge. 

When we charge one side. A, of a condenser by any 
source of electricity, it induces a charge on the other 
side, B, which is entirely bound, whilst the communicated 
charge is partly bound by B and partly by surrounding 
objects. 

Suppose we charge the upper side of a condenser with 
a quantity of electricity = Q vebers, whilst the under 
side is connected with earth. The communicated charge 
will then induce, in the under side, a charge = n times 
Q or Q^n {n being a fraction). And this quantity Q n 
will exert an inducing influence back again in the upper 
side and hold a quantity = n times Q ;2 or Q «* of the 
original charge bound, whilst the rest of it will be so- 
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called free electricity. The amount of this free electricity, 
q^ will therefore be equal to 

^ = Q — Q '^ = Q (i — «*) vebers : 

the value of «, which is always less than i, being dependent 
upon the thickness and inductive capacity of the dielectric 
medium. 

Now q is evidendy the quantity of electricity, in 
vebers, which would be communicated to the upper side 
of the condenser, at the potential of the source, were the 
under side not coated, or insulated from earth. Therefore 
by such connection with earth, the quantity of electricity 
received by the condenser is obviously very much greater, 
since 

Q = ^ ^ . . . vebers, 

and as » is necessarily always less than i, it follows that 



3 must be also greater than i and Q > i^. 

Let «, for example, be 0*95 for any given condenser, 
then we shall have 

or 

Q = ^10259. 

WHEATSTONFS BALANCE. 

The four resistances are ar, ^, r, and x^ the currents being 
respectively /i, 4> ht and f^. The circuit, r, contains a 
galvanometer; and the circuit, R, a battery whose 
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electro-motive force is E. According to KirchhoflTs 



X=^'' 



LS^ 



laws : — 

I.) H - h - A = o ; 

2.) /a — ^'4 — ^*fi = o ; 

3.) Hc - /4^+^a'' = o; 

When the resistances are arranged so that no current 




goes through the circuit r, that is to say, 4 = o, and we 
eHminate the values of the currents from the above, we 
get 



a 
1) 



X 



a, b^ and c being known, the unknown resistance x is 

b 
X = c - . 

a 

Relation of Resistances to Sensibility of Galva- 
nometer {Schwendle?'), 

If ^, b, c, and d are the four resistance-sides of a 
Wheatstone's bridge, the resistance, g, of the galvano- 
meter, which gives the greatest sensibility with a given 

battery and weight of copper wire is 

^ {a^d){b+ c)^ 
a-j- b + c-\- d' .J 



/ .; • -u' I 



.', '» -• > 



' i^ 



f . 



^ -1^ 
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This is equivalent to the resistance of the two circuits 
a d and b c, taken parallel between the points i and 2. 




Therefore, to raise the magnetic moment of a galvanometer 
to its maximum, its resistance must he equal to the parallel 
resistance of the two double branches which are parallel with 
the gal&emometer. 

This law, which is approximately true, can only be 
correct when the insulating covering of the galvanometer 
wire, for all the different gauges, bears a constant pro- 
portion to the diameter of the wire itself. It is, of course, 
practically impossible to adjust the galvanometer re- 
sistance for every resistance which has to be measured ; 
but when a galvanometer is being constructed for any 
special purpose — as, for instance, the measurement of 
knot lengths of cable core conductivity — ^regard may be 
had with profit to the above law. 

Arrangement of Balance for reading off directly 
the Resistances of Copper per Knot without 
Calculation. 

For this purpose the sides of the balance are arranged 
as follows : 

A = a constant resistance of 2029 ohms. 
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B = a variable resistance box, which is adjusted each 
time to exactly as many ohms as there are yards in 
the length of the cable. 




C = the conductor of the cable. 

D = an adjustable resistance, expressing the resistance 
of the conductor in ohms per knot. 

The cable (whose length, L, in yards is known) is first 
inserted in its place ; then the box, B, arranged so as to 
have \i ohms resistance. Equilibrium of the galva- 
nometer needle is obtained by adjusting the value of 
D as in ordinary balances. When this is done, supposing 
the whole resistance of the conductor to be C ohms, 

we have 

A __ D 2029 

B "" C" ^'^iT 

2029 
Therefore D = C — f-^ = the resistance of the conductor 

in ohms, per knot. 

This method is very convenient when the conductors 
are measured always at the same temperature, as the 
separate knot lengths of core are at the G. P. Works, 
as it saves much time in reducing the observed values. 
For such measurements the resistance box, D, should 
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if possible, be constructed with values from o'oi to 
50 ohms. 

Balance for reading off the Insulation Resistance 
in Megohms per Knot without Calculation. 

This method is analogous to the last; but is not so 
exact on account of the difficulty of preventing heating 
of the coils. 

A is a variable resistance box adjusted in each ex- 
periment to the same number of ohms that there are 
knots length in the cable; 

B is a constant resistance oi one megohm; 

C is the cable resistance in megohms ; and 

D is a resistance which is varied until equilibrium is 
obtained, and which then represents the resistance 
of insulation in megohms per knot. 




In this case (supposing the length of the cable to be 

L knots) we have 

A p L 

B "" C "" I 

Therefore D = C L = the total resistance of the insula- 
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tion multiplied into the length in knots, or the insulation 
per knot, in megohms. 

For the periodical tests of a submerged cable, whose 
total insulation resistance is about i megohm, this 
arrangement would be found convenient ; in which case 
A and B would be constant values, and the insulation 
resistance, per knot, would be read off directly from D. 

Elimination of leading wires — The error due to 
the unknown temperature of the leading wires may be 
eliminated by the following contrivance. The apparatus 




to the left hand of the dotted line ar ^ is in the 

operating-room, that on the right-hand side is without. 

The leading wires / and /' are of the same metal (copper 

usually), of the same dimensions and conducting power, 

and are spun up close together in a suitable cable, 

so that, at any given point, they both have the same 

temperature and resistance. The junction of / and R' is 

to earth ; that of /' and R' is insulated ; r is made equal 

to /, therefore 

R' + /' = R + / 

R' = R. 
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When the readings with positive and negative 
currents differ (Sckwendler). 

a and b are the two branch resistances ; W the adjusted 
resistance with -f- ; W" that with negative current towards 
a and b\ and /the battery resistance. 

Practically we may neglect / and the required resist- 
ance becomes 

_ b /w-fw^ ^ (w^^ - wy \ 

^"'a \ 2 2(W' + W"y+4^y 

If W and W are not very different 

h W + W" 

X z=. - ' ■ 

a 2 

If E is the electro-motive force of the measuring 
battery and e that in one of the sides, 

+ , = E (w;^_zW')j^ 

Or by neglecting/ the battery resistance, 

W" - W 

To estimate the true resistance when balance 
cannot be obtained at zero : — 

When the true resistance is between two plugged holes ; 
one giving a deflection a°, when too small, and the other 
a deflection a°, when too great, the true resistance is 
the smaller of the two readings from the resistance box, 

plus 

a 

ohms. 



a+aj 
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Thus in measuring a length of wire, we plugged no ohms, and 
found a deflection of 2° to the right ; but with 109 ohms, which was 
too small, we got 3° to the left ; the true resistance was therefore 

109 H =^- - = 109 '6 ohms. 

3 + 2 ^ 

SHUNT AND DERIVED CIRCUITS. 
Let Rx, r„ and r, be the resistances of the three lines 




which connect the points a and b; and I, /„ and i„ the 
currents in the same produced from the battery E. 

I = E ''■ + '■• 



Rr, 


+ Rr. 


+ 


r^r^' 




rt 






Rr, 


+ Rr, 


+ 


r^r^' 



h = E 

Rri-f Rr. + rir, 

The resistance R' of the whole circuit through 
which the current circulates is 



R' = R + 



r,ra 



The resistance of the parallel shunt circuits is 

therefore f V_^ j equal to the product of their resist- 
ances divided by their sum. 
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Galvanometers and Shunts. 

The joint resistance of a galvanometer and shunt is 

, galv. X shunt 

as above, , — ; — , 

galv. -f- shunt 

The multipljdng power of any shunt is equal to 

galv. + shunt galv. , 

H » or -T h !• 

shunt shunt 

To prepare any given Shunt. — It is sometimes 
necessary to prepare a shunt having some definite multi- 
plying power, as, for instance, 10, 100, etc. ; if we call the 
resistance of the galvanometer G, and of the required 
shunt s, and let n be the multiplying power we require, 
then 



s = 



«— I 

For example, if a galvanometer of 1089 units required 

a looth shunt, the resistance of the latter would be 

1080 1089 
1— = i = 11. 

100 — I 99 

A parallel circuit {r^ added to a line of known 
resistance, r ohms, giving a combined resistance, R 
ohms ; the resistance of the added circuit is 

Rr , 

ri = zr- . . . onms. 

INSULATION RESISTANCE. 

Insulation of Cable by deflection. — Let the un- 
known insulation resistance of the Cable be x; the 
galvanometer resistance, G ; the battery resistance, r; the 
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number of elements, n; the electro-motive force of each 
element, E ; and the observed deflection of the needle, <^. 





The Cable is then removed, and a known resistance 
substituted for it of such value as to make the whole 
resistance of the circuit = R ohms ; the battery is re- 
duced to a single element; the shunt, j, is inserted 
across the galvanometer coils ; and the observed deflec- 
tion becomes i/^. 

The resistance of the Cable insulation is then 

^ = R 5^ ;/ Ti + -j - (G + r) (ohms). 

As (G -}- r) is, however, very small in comparison with 
x^ in practice it is neglected, and 

9 \ 
If the length of the cable be / yards, its resistance, per 

knot, is 

/ yb f G\ , , 

Xt, = R -v « ( I H — ) (ohms)- 

2029 <^ \ s/ ^ 



^ V ■ 7) (ohms). 



1 + 
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If a sine galvanometer be used 



and 



n[i+ -A (ohms), 



^4 = R . . .0 n[ lA — ) (ohms). 

2029 sm</> \ '/ 

The most convenient way of employing this test is to 
make the shunt = i^th of the galvanometer resistance 

( or J = — I The resistance, R, is then made = 10,000 

V 99/ 

ohms, or, more exactly, 10,000 less the resistance of 
the single element and the shunt. 

The resistance of the whole cable is then 

X = ^n meghoms. 

And its resistance, per knot, 

x^ — z. • . n (meghoms). 

^ 2029 ^ 

Instdation of cable by differential method 

{Siemens). — The galvanometer has two separate coils, 
a and by whose miagnetic effects upon the needle are 
unequal and opposite. 

r = resistances of a and B. 

r = resistances of t and B'. 

E = Electro-motive force of battery R 

E' = Electro-motive force of battery B' 

D 
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R 

X 



adjustable resistance inserted in the circuit of b. 
unknown resistance of cable. 




The resistance, R, is adjusted until the needle remains 
over the zero line. The cable is then removed, and a 
known resistance, W, inserted in its stead ; the ends of 




the coils, a and b, are connected together with one pole 

of a single element, B,; and the resistance Ri readjusted 

until the needle points to zero. 

Then the resistance of the cable is 

W -I- r E 
^ = r7^- e> (R + r') (ohms). 

If in taking the latter part of this test the operator use 
a shunt, s (shown in dotted lines), the value of x becomes 

W(r+j)4.rj E 



X = 



(R' + r') s 



^(R + 'O. 



The proportions 
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W+r m 



and 






(R' + r') J »/' 

give the relation between the opposite magnetic effects of 
the coils, a and ^, upon the needle when equal currents 
circulate in them ; m being that of coil a^ and /»' that of 
coil b. 

Insulation of cable^ by loss of charge (Siemens). — 
Let the instantaneous discharge from a given cable (or its 
full tension) be C ; the discharge after / minutes (or its 
reduced tension) be ^j and the electro-static capacity of 
the cable be F microfarads. 

Then the insulation resistance R^, after / minutes, is 

^ = ^^"^^ F (log c'- log .) i^^°'^')- 

Example, — A knot length of French Atlantic cable had an electro- 
static capacity (F) = 0*3992 microfarads. The instantaneous dis- 
charge (C) gave 332 divisions of the scale j the discharge {f\ after 
I minute, gave 202 divisions. Its resistance was therefore 

R = 26*06 X ; r = 300*3 megohms. 

•3992 (-5211 - -3054) -5 -5 6 

Where the fall is from full to half tension, or the re- 

C 

duced discharge, c = — , then 

2 

R^ = 86*56 =r (megohms). 
Tke resistance (after one minute) obtained by this for- 
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mula agrees with that measured by the direct methods, 
if the cable be charged lo seconds before taking the 
readmg, C; and again lo seconds before insulating it 
preparatory to observing the throw, c. 

For deducing in this way the resistance of a length of 
cable core, it is more correct to measure its capacity, F, 
than to calculate it from the length of the piece and the 
mean capacity of the cable. 

With a cable of high insulation resistance, of which 
the loss is very small, great accuracy must be used to 
measure the loss ; the following plan by Dr. Esselbach is 
the simplest : — 

(i). Connect up in the ordinary way for taking insula- 
tion. 

(2). Take the immediate charge through the galva- 
nometer with a shunt, holding the key down for at least 
ten seconds. Then leave the cable insulated with its 
charge for one minute or more. 

(During this time, if necessary, increase the resistance 
of the shunt) 

(3). At end of the one or more minutes, recharge cable 
by pressing down the key as before, and the throw of the 
needle will represent the quantity required to refill the 
cable to its original charge, and is exactly equal to the 
loss during the time the cable remained insulated. 

To calculate the time T of falling from full to any 
given tension (if the electrification and resistance remain 
constant) — 

T = !°gg"!°g-^ X/ (seconds), 
log C — log ^ ^ 
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Wherfe C = original charge or fiill tension ; c = ob- 
served charge (or reduced tension) remaining after / 
seconds \ p = quantity of charge or tension required to 
be in the cable at the time T. 

It being usually required to know the time a cable or 
wire will fall to half tension, the formula becomes 

^ = logcTLg. X ' ^--'^^^)' 

This formula may be written thus : — 

0*30103 i 



T = 



2*000 — log (100 — n^f 

where n = percentage of loss in interval of time / {Preece). 

As electrification goes on during the time the cable 
is insulated, / should be made as short as possible. 

The percentage of loss is the same for every interval, 
/. e,, the percentage of loss of the original charge in the 
first minute is the same as the percentage of the loss of 
the remaining charge in the next minute, and so on. 

At high temperatures (75° Fahr.) the loss of charge 
during one minute of average telegraph cores varies from 
30 to 50 per cent., according to the insulation and the 
material. 

Specific Insulation Besistance. 

The resistance, per knot, of a cable being R megohms, 
its specific resistance, r, is 

T3 2728 , 

r = R . , — =r-^ — -, J . « . megohms. 

log D — log ^ 

The specific resistance is assumed to be that of a cubic knot of the 
insulator. 
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An ordinary gutta-percha cable at 75° F. falls from 
tension to half tension in about 100 seconds, irrespec- 
tively of its dimensions. 

Resistance in Megohms of any Dielectric whose 
Electro-static capacity = one Microfarad. 
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To find the resistance, in megohms, of an insulator 
whose capacity, in microfarads, is known, the tension or 
discharge, C, being observed immediately after contact, 
and c after some minutes. 

Huk, — Multiply the value given in the above table 
by the number of minutes (which the cable remains 
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insulated before reading c)y and divide by the capacity 
in microfarads. 

Example, — ^A knot length of Atlantic core lost 40% of its charge 
in I minute. Its capacity was 0*41 microfarads. Therefore from 
above table, 

iiliii = 28s megohms resistance. 

Loss of tension. — ^The percentage loss of tension or 
cl^^g^j t>y 2tn insulated core is independent of both its 
size and form, and is dependent only upon its material. 

Thus a coated plate of india-rubber of any size and 
thickness will lose the same percentage of charge per 
minute as a cable coated in the same material would, 
whatever might be its length or thickness of insulator. 

We shall see further on (p. 68) that 

RF = r/ 



or 



and (p. 35) 



^- F 



R = 



therefore 



26*06 / 

Flog^ 
c 



and 



26*06/ 

""^^ — C 

log- 



r/log- 
/= ^ 



26*06 

That is to say, the time of falling from C to r is propor- 
tional to the specific resistance (corresponding with its 
electrification and temperature at the moment), and 
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a 

specific inductive capacity of the dielectric and to the 

log. of — . 
c 



D 

RATIO --7 FOR STRAND AND SOLID CONDUCTORS. 

The approximate ratio --r for insertion in the insulation 

a 

and induction formulae may be calculated from the 

weights, W lbs. per knot of insulator, and w lbs. per knot 

of copper, as follows : — 

I. A solid wire covered with gutta-percha : — 






d V - • -:^^^ 

2. A strand covered with gutta-percha : — 



D* 



/ W 

= 105 V 1 + 6-97.-. 



d - ^ "* w 

3. A solid wire covered with Hooper's material: 



D / , W 

^3= V ^ + 7-3;; 



d V ^ * ^ w 

4. A strand covered with Hooper's material: — 

-d =^-^sV(^^ + 57-) 

* The value of -z given by these formulae are the ratios between 

the diameter of the insulator and the mean diameter of the strand. 
If the extreme diameter of the strand were inserted in the formulae 
for calculating insulation, inductive capacity, etc., the resulting 
electrical conditions of the cable would be misrepresented ; therefore 
the measured diameter of the copper is diminished 5%, which is 
equivalent to increasing the measured ratio by 5%. 
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The accxunnlatioii joint test {Clark), — This method 
is very suitable for measuring the insulation of joints, 
or other very short lengths of core. The battery is con- 
nected with the conducting wire, and the length of core 
to be tested is immersed in an insulated suspended 
trough. A condenser is connected with the water of 
the trough, so that all the electricity which escapes from 
the joint or length of wire in a given time (usually one 
minute) is collected in the condenser. At the end of 
the minute the whole of this charge is suddenly dis- 
charged by a key through a galvanometer, the deflection 
of which indicates the quantity which has leaked through 
the joint in the given time. Joints are now generally 
tested by this plan, the leakage from 12 to 20 feet 
of perfect cable forming the standard of comparison. 
If the leakage from a joint exceeds this quantity, it is 
considered faulty, and rejected. 

FAULTS IN CABLES. 
.Murray's Loop Method. 

In this method the resistance of the fault is elimi- 
nated, that of the insulation supposed to be infinite in 
comparison with it 

Let the two adjustable resistances, r and /, be con- 
nected together with the battery-contact in the point, c, 
the galvanometer be connected between a and b] and 
the two ends of the cable be connected with the same 
points. 

Let the distance of the fault from the ends a and b be 
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respectively^ and x knots, and the total length (x +y) 
be L knots. 




tABTH 



Then, when electrical equilibrium is obtained, 



^ = L 



^ = L 



r' 



r + r' 



r 4-r' 



(in knots) 



(in knots). 



Correctioii for Murray's Loop Method (Hockin). — 
This correction is seldom available, as the resistance of 
the fault, as well as of the insulation, must be known* 
But when these are known, the position of a fault with a 
resistance of a megohm or upwards can be ascertained 
very accurately. 

The same figure as in the last. 
Let L be the length of the cable. 

z the distance of the fault from the centre of the 
cable, in knots. 
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r and r' the value of the adjustable resistance coils 

giving equilibrium. 
F, the known resistance of the fault in megohms; 

and 
I, the resistance, in megohms, of the insulation of 

half the cable (supposed faultless). 
Then 



L/2F \r''-r 



knots. 



Varley's Loop Method. The cable end c is joined 
to an adjustable resistance, R ; the end d of the latter 
and e of the cable are connected with the galvanometer, 
G, resistances r and p, and the battery, B, in the form of 
a Wheatstone's balance. 




X and y are the resistances in ohms of the lengths of 
cable from the ends to the fault, the whole conductor 
having / ohms. 

P + r 
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If the cable be n knots long, the distance of the 
fault is 

Ip - Rr 



(p + r)n 



knots from the end c, and therefore 



(R + /) r — knots from the end e. 

(r + p). « 

When the branch resistances (r and p) are equal, 

/-R ^+R , 1, X 

X = — -— ; y = — i- — (ohms) 

2 '2 

/- R 

The distance of the fault from ^ is = : and the 

2 n 

distance of the fault from ^ is = . 

2 n 

Correctioiis for loop-tests. — These formulae are 
developed on the supposition that only one fault exists in 
the looped lines. This supposition is only fulfilled when 
the fault in question has a resistance either approxi- 
mating to zero, or more generally, so small as to be 
neglected against the absolute insulation of the whole 
looped line. Now defective insulation acts as a fault 
at a certain point in every line, which fault has a re- 
sistance equal to the absolute insulation resistance of the 
line ; and the position of such an apparent fault (which 
Schwendler calls the Resultant Fault) in a looped line 
can always be found by a loop-test in accordance with 
the foregoing rules when the lines are in their ordinary 
condition. Thus, a line on which communication is 
interrupted or imperfect has virtually two faults, the 
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position and resistance of one of which (that due to 
defective insulation) is known, and the other (that which 
causes interruption or imperfect communication) may be 
localized by the following formula : 

In which x is tiie resistance from the testing station to 
the fault, d the proportion between the resistances of the 
two faults, />., the resistance of the fault to be localized 
divided by the absolute insulation resistance, / the con- 
ductor resistance of the* looped line, y the resistance of 
the line from the testing station to the apparent fault 
which is produced by defective insulation, all other terms 
in the formula having the same meaning as before. 

In most cases, when the line consists of wire of the 

/ 
same gauge, y will be found equal tq — > and if the test 

be taken with equal branches in the bridge, 

/ - R (i + ^) 



Another corr^ctloxi for loop-test {H. A. Taylor). 

a F / b 

Let F = apparent position of fault by loop-test 

A = distance dJ to F obtained by loop-test in knots. 
B = „ ^ to F „ „ „ 

/ = true position of fault. 
F to/= X = distance, in knots, of true from apparent 
position. 
P = resistance, in megohms,, of cable when perfect. 
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Q s resistance, in megohms, of cable when faulty. 

Q(A-B) 
*-2(P-Q) 
The true position of the fault is of course further from 
the centre of the cable than the apparent position. 
If the true distance of fault from end of cable = d^ 

rf = i{(A-fB)-(A-B)^^} 

If A and B are expressed in units, (A — B) = the 
resistance unplugged to produce equilibrium in the loop- 
test ; and (A -f- B) = the total copper resistance of the 
cable, in which case d will be in units also. 

Besnltant fault in an insulated wire. — Mr. W. 

Schwendler suggested a method of testing cables during 
their manufacture by means of Murray's loop-test, on the 
principle, that so long as a cable remained electrically 
perfect throughout, the leakage through the insulation 
would make the apparent resultant fault appear to be in 
the middle; but that if even a very small fault were 
developed, the apparent resultant fault would no longer 
be in the middle, but be shifted more or less towards one 
end, according to the magnitude of the injury. 

Unfortunately, in practice, the gutta-percha cores are 
sent to the machines new, and the last lengths joined 
on are worse insulated than those which have been made 
some time, so that a cable during manufacture is never 
homogeneous, and the resultant fault therefore does not, 
or should not lie in the middle, but towards the end 
which is being covered. 

If the cable-ends, during manufacture, be connected up 
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In a circnit of the loop-test, and the galvanometer needle 
when deflected make contact as a relay, a bell may be 
sounded in the event of a fault occurring, and the manu- 
facture stopped. 

FAULTS IN SUBMERGED CABLES. 

When the cable is submerged and only one end is 
to be had, its resistance R is measured when the farther 
end is insulated and the resistance r when it is to earth. 
This can, of course, only be done when the fault is not 
so great as to entirely prevent communication, or, when 
by pre-arrangement the operator of the distant station 
knows when to put his end to earth, and when to insu- 
late it 



7v 
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Let I = x-\-y the whole copper resistance of the 
cable, before the appearance of the fault ; the resistance 
of the fault being = z. 

a; = r — 'v/ (R — ^) (/ - r) (ohms) 



y = (i^r) +v'(R-r)(/-.r) (ohms) 

* = (R - r) + V(R~^)(^-^) (ohms) 
If a knot of conductor have a resistance of n ohms. 
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Distance of fault from A 

^\\j- ^(R-r)(/^T)i (knots) 
Distance of fault from B 

= \ [(/ - r) + v'(R-.r)(/-;^J (knots) 

When, however, the fault is so great that the necessary 
signals cannot be transmitted to instruct the operator at 
the further end when to put the cable to earth, and 
when to insulate it, the home end is either lefl insulated 
or arrangements are made to have it insulated and 
"earthed*' at certain agreed periods. The ship then 
crosses to the other end, where measurements are made, 
and similar ones' are also made at the home end. 

From the two measurements with the distant ends 

insulated, 

r.) R = ^ 4- J? (ohms) 

2.) R' = 2r + J',, (ohms) 
and we have 

X = — (ohms) 

2 2 ^ ' 

y . 1 — (ohms) 

R — R' 4- / 

Distance of fault from A = (knots). 

2 « 

R' — R -I- / 

Distance of fault from B = ^^ (knots). 

2 n 

From the two measurements with distant ends 

" earthed," 

T., r =e «4- -—-, 
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2, r^ = y + 



x-\- z 
in ohms, — 



r-r' L ^ r (l-r') \ 

^ r'-r [_ ^ r'{l~r)J 
and in knots, — 

Resistance of fatilt. — ^When a cable hanng a known 
insulation resistance, R megohms, has a fault in it which 
reduces its resistance to r megohms; the resistance of 

the fault is 

R^ , 

z = =r . , t megohms. 

R — r 

Distance of fault by tension {Clark), — Let the line 
make complete earth at the fault R is a resistance in 
ohms inserted between the home end of the line and one 
pole of a battery of galvanic elements whose other pole 
is to earth. T is the tension of one end, and / that of 
the other end of the resistance, R. 
Then 

T -/ : R ::/ : a:; 
whence 



so 
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and, if the line has n ohms per statute mile, the distance 
d of the fault is 

d = — .pj; (statute miles). 

ft L — / 

The tensions, T and /, are measured with an electro- 
meter. When / = i T, which may easily be obtained by 
adjusting R, then ;c = R. 

The same where the fault makes partial earth.— 



— — — ^ L_ "~-» ■* 



The battery, B, is inserted between earth and a resistance 
coil, R ohms, which is connected with one end of the 
faulty cable, whose other end, S, is insulated. The 
tensions of the two ends of R are T and /, and that at 
the further end of the cable is S. 

Then the cable resistance, x^ between the fault and the 
end of R, is 

X = ^ J ^ (ohms). 

During the laying of the Atlantic Cable these tensions 
were observed on shore every five minutes by the dis- 
charge of a condenser, and their value telegraphed to the 
ship. 

Method of continuous testing. — ^This system, which 
is due to Mr. Willoughby Smith, was first employed in 
1866, during the laying of the Atlantic line. 
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The end,, a, of the cable on shore is connected with a 
very great resistance, R, and with the front contact of a 
manipulating key, K. 




The resistance, R, which may be of selenium or of 
gutta-percha, has a resistance of 20 to 30 million ohms ; its 
further end is connected (through the mirror galvanometer 
G) to earth. A condenser, c, is inserted between the 
lever of the key and earth. 

On the ship, the end, b, of the cable is connected per- 
manently with a mirror galvanometer, j, and battery of 100 
cells to earth. The current of this battery causes a steady 
deflection of j, due principally to the leakage through the 
insulation, and of G (on shore), due to the passage of the 
current through R (which is equal to about 10 or 15 
miles of cable insulation). This deflection is observed 
and recorded every 5 minutes. 

Continuity is observed on shore by the ship changing 
the direction of the current every 15 minutes, which 
causes the deflection of G to be reversed. 

Insulation on board is measured by the deflection of s; 
the resistance of R being too great to interfere with the 
result Insulation on shore is observed by measuring the 
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tension at R. This is done every 5 minutes by measuring 
the discharge from c. The key is pressed down for 10 
seconds, putting c to line ; it is then let go, and the dis- 
charge measured upon the mirror galvanometer, g. The 
result is communicated to the ship. In the event of a 
fault occurring, its distance is calculated by the method 
given above. 

Speaking through the cable without interfering with the 
insulation test is done by making R in the form of a con- 
denser, and by inserting a similar condenser between the 
end, by and galvanometer, j. Then if either ship or shore 
charge the outside plates with -|- or — electricity, a 
corresponding impulse will be transmitted through the 
cable, and be indicated upon the galvanometer, al- 
though no electricity really enters or leaves the cable. 
By making the slight sudden deflections which are thus 
produced to the right hand and left hand represent 
respectively dots and dashes, a continued and speedy 
correspondence may be kept up during the testing. 

Exposure of Copper at Fault. 

"When the copper conductor of a cable is laid bare at 
a fault, if a positive current be sent through, the exposed 
copper will become oxydised and coated with copper 
salts. If a negative current be then sent through, those 
salts will be reduced, and afterwards hydrogen evolved 
at the fault It is found useful, in measuring the copper 
resistance of the injured cable, to avoid the polarization 
currents of both the copper salts and the hydrogen, 
by observing the resistance in the moment between the 
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disappearance of the salts and the evolution of the hydro- 
gen. For this purpose the operator polarizes the fault 
by a copper current of some minutes* duration, and then 
commences his measurement with a zinc current of rather 
less strength. As the zinc current reduces the copper 
oxide and salts away from the fault, and the cause of 
polarization current is thus removed, the apparent resist- 
ance gradually increases until the first formation of 
hydrogen, which will cause a sudden and considerable 
increase. The resistance observed immediately before 
this sudden increase is the nearest approximation to the 
true copper resistance of the faulty piece of cable. 

FAULTS IN LINE WIRES. 
To find contact between two over-head wires. — ' 



ii 




fd 
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Let the two overland lines, a b and c /f, touch each other 
at the point yj somewhere between the stations A and B. 
Let the fiirther end, b, of one of the lines be insulated, 
and the further end^ //, of the other be put to earth. 
Connect a galvanic battery, E, between earth and the 
home end, c, of the line c d. Then insert a galvanoscope 
and adjustable resistance, R, between the home end, a^ 
of line a b, and earth, and between the junction of the 
galvanoscope with R and the end c of line c d insert a 
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known resistance r ohms. When the galvanoscope 
needle is balanced we have the proportion 

fd R' 

aad if the whole length, c d, is known, the distance of 
the fault, cf, from the end, c, is 

To Localise a Contact between two Wires 

{Schwendler), 

1. Insulate the fiirther ends, and measure the resist- 
ance of the two wires as a loop = R ohms. 

2. Connect the further ends, and measure the resist- 
ance as before = r ohms. 

The distance, jp, of the contact from the testing 
station is 

r - \/a.fn + \Jfn! ^r) (R - r) 

X = ^^— ^ = — ; — -. '—^ ' , , statute miles 

in which 

L = the length, in statute miles, of one of the lines. 
m = its resistance per statute mile. 
L' = the length of the other line, 
m* ss its resistance per mile. 

Example, — Two lines (A and B), each 200 miles long, are sup- 
ported upon the same posts, and are somewhere in contact. (A) 
is of No. I wire, the resistance {m) of which is 4 ohms per mile ; 
the other (B) is of No. 3 wire, which has 6 '6 ohms per mile. 

Therefore 

L m = 200 X 4 = 800 ; and 

L' m* = 200 X 6 6 = 1320 ohms. 

When measured with the further ends insulated, the combined 
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resistance was 2400 ohms ; and when connected it was only 2050 
ohms. Therefore the distance {x) of the fault was 

_ 2050 — \/(8oo + ^320 - 2050) (2400 - 205 0) 
*"* 4 + 6-6 

^ 2050-156:8 ^ 1893.2 ^ 3.^ ^^ 
lO'o io'6 ' 

When the wires are of the same gauge 

2 m 

When the two measurements (R and r) are equal 
to each other. 

1. If the wires have different gauges 

X = — ; — ^ . . . miles. 
tn -j- tn 

2. If the wires are of the same gauge 

X = . , . miles. 

2 m 

Contacts between Line-wires (CuUey\ 

1. When the contact is without resistance, measure 
the resistance of the loop formed by the two wires. 
Half this loop resistance, divided by the known resist- 
ance per mile of the wire, will give the distance of the 
&ult 

2. When the contact is imperfect, that is to say, 
has resistance, it is better to employ one of the wires 
between the station and the fault as a leading wire only, 
insulating its further end ; and using the second wire for 
measuring. If the two wires be A and B, insulate the 
further end of A, and connect its near end to the zinc 
pole of a battery. Connect the copper pole with the 
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middle of a differential galvanometer. Then connect 
one coil of the galvanometer to the near end of B ; the 
other coil to earth ; and the distant end of B to earth. 
If the needle is balanced the fault is in the middle of the 
line ; if not, add resistance to one side of the galvano- 
meter until it is balanced. Then if R ohms be the 
added resistance, and L ohms the original resistance of 
B, the length between the station and fault has 

L~R , 
r = ohms, 

2 

and the distance, D, of the fault is 

D = miles, 

ri being the average resistance, in ohms per mile, of the 
wire. 

Contstct between a Wire and Earth. 

1. When the contact to earth is very good, the resist- 
ance of the section between the station and fault gives 

he distance of the contact. 

2. When the fault has resistance, its distance may 
oe determined with the aid of a second good wire by 
Murra/s loop-test (see page 41). The distant ends ot 
the two wires are joined together. Let L be the original 
resistance of the faulty line ; L' that of the good wire ; 
R and R' the proportions of the testing resistances; 
then the resistance, x^ to the fault is 

3. When no second wire is to be had, the distance of 
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the fault must be found by measuring the resistance 
when the distant end is to earth, and when it is insulated, 
the original resistance of the line being known. See 
page 47. 

Corrected Resistance of Line (Schwendler). 

R = the measured insulation resistance of line. 
r = wire resistance (^without relay at distant end) mea- 
sured. 
r* = wire resistance i^ith relay at distant end) measured. 

I.) The corrected line wire resistance (L) is 

L = 2(R-v'R(R^r) 
2.) The corrected insulation resistance (R') is 

R' ='v/R(R-r) 
3.) The relay resistance (r") at the distant station is 

^ R(r^-^) 

R-r' 

Wires of different gauges. — ^When a line consists of 
two gauges of wire of the same conducting power, the two 
diameters being d and d\ and the lengths of the different 
wires, / and /', if R is the whole measured resistance, the 
average resistance per mile, r, of the one gauge is 

ld*^ + rd^ 
and that of the other gauge 

Faults in short lengths of insulated wire {Clark), — 
Minute faults in short lengths are found by connecting a 
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powerful battery to one end, and drawing wire slowly 
through a basin of water or wet sponge insulated by 
suspension on gutta-percha cords. A Peltier or Milner 
electrometer is connected with the basin, and renders 
any leakage apparent Even the most perfect wires give 
a visible leakage on the electrometer, and it is some- 
times therefore necessary to make some imperfect con- 
nection with the basin by a piece of wood or a wet 
thread, sufficient to reduce the normal leakage of the 
wire to a moderate degree of deflection, and any change 
in this is at once apparent If the fault be very large, 
a galvanometer will suffice to indicate it A coil of a 
mile of wire wound on a drum, and insulated, may be 
treated in this way on an insulated stand, and gradually 
unwound; the electrometer being connected to the 
drum, and also a high resistance. As long as the fault 
is on the drum, the electrometer will be deflected, but 
as soon as it is unwound the deflection will fall. 

Warren^s Method. — ^This is a somewhat similar, but 
superior arrangement. The coil of wire is wound on 
to two separate drums, both insulated, and an electro- 
meter connected to each. A powerful battery is con- 
nected to one end of the conductor ; the induction and 
leakage through the dielectric causing each of the electro- 
meters to become deflected. Both drums are now dis- 
charged by touching them with the hand, and the 
electrometers fall to zero. The drum which has a 
defect on it, soon, however, acquires its tension again, 
and its electrometer is deflected, the other remaining 
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unaffected. More wire is then unwound, till the fault 
appears on the other drum. The outside of the wire 
between the drums must be wiped very dry, the other 
parts should be moist 

Accunmlation test {Ciark^ i860). — A method for 
locating a minute fault in an otherwise perfect cable 




during manufacture. The two ends of the cable are con- 
nected with the two poles of a large battery, B. Two 
condensers, C and C, are connected with the opposite 
poles of the battery. The fault {x) not being in the 
middle of the cable, the tensions of the charges of C and 
C will be as the lengths between the ends of the cable 
and the fault, or 

C I C I \ p X I n X, 
Or if L is the whole length of the faulty wire in yards, 

the distance of the fault 

C 

from end/ = L . ^ , ^^ yards ; 



from end « = L . 



C + C 
C 



-, yards. 



C + C 

The usual arrangements must be made for measuring the 
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discharges of the two condensers. If a single galvanometer 
be used, a commutator will be necessary to invert the 
^oils, so as to get the two deflections on the same side 
of zero, as the one charge is positive and the other 
negative. 

Rupture of conductor.— When the conductor of an 
otherwise perfect cable is severed, the distance of the 
fault may be found by ascertaining the electro-static 
capacity of the cable from the testing station to the fault 
by any of the methods given further on. 

Let the capacity of the cable be / microfarads per 
knot; that of the severed portion, F microfarads; the 

distance, D, is 

F 
D = — . # . knots. 

To test leading wires. — When three or more leading 
or cable wires end near together, their several conduct- 
ing resistances may be measured as follows : — 

Let the wires be A, B, and C. Connect the further 
ends of the wires together alternately, and measure their 
combined copper resistance. Let the resistance of 

A and B be = r ohms, 

•^ » ^ » ~ ''i » 
The resistance of A = ' ~ ohms. 

2 
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B = ^ ** '- ohms. 



C = ^" "^ ^' ~ ^ ohms. 



Electro-static Capacity, 6i 

Determination of Capacity in Absolute Measure. 

The electro-static capacity of the cable may be mea- 
sured by means of resistances without comparison with a 
standard condenser. For this test it is first of all neces- 
sary to find by experiment what resistance, R, in meg- 
ohms, would be required to produce, with the same 
battery used to charge the cable, the unit deflection. 

The unit deflection with a mirror galvanometer is orie 
division of the scale. 

The unit dejegtion of a tangent galvanometer is "^ iJjt C 
(because tan Tf^ = i). 

The unit deflection of a sine galvanometer is fl^ (be- 
cause %mtQ^ = i). 

When the value of R has been ascertained, it is neces- 
sary to know the time, / seconds, which the needle occupies 
in making half a complete oscillation, which is found by 
setting the needle oscillating and counting the number of 
times it passes across the meridian in a minute or other 
observed interval of time. 

Then charge the cable and observe the throw, aP, of 
the needle. If a is read off in degrees, the electro-static 
capacity is 

/sm - 

2 

C = 2 — . . . (microfarads) ; 

or, 

/ sin - 

C = '6366 — - — . . (microfarads). 

R 
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If a is read off in divisions of the mirror galvanometer 
scale, 

-~ — , . . (microfarads). 



C = 



Example. — In the determination of the electro-static capacity of a 
condenser for the British Association Committee, it was found that 
with a mirror galvanometer the unit deflection was produced by a 
given battery power \^-ith a resistance R = 5'i6 X lo* megohms ; 
the value of/ was 9*37 seconds ; and the throw, fl°, was i68"5 divi- 
sions. Therefore 

^ -3183 X 168*5 X 9*57 o / . r J X 

C = ^-^ — > — ^ , ^^' = '09948 (microfarads). 
5-16 X 10? ^^^ 

The value of R for the above formula may be found by 
either of the methods given at pages %(> and 87. 

Comparison of Electro-static Capacities. 

I. De Sauty's Method. — The resistances a and b, ir 
ohms ; the condenser, r, of known capacity, expressed 
in microfarads or knots' length of cable, and the cable 




3 



EARTH 



EARTH 



x^ are arranged with galvanometer and battery in the 
form of a Wheatstone's balance, the point of junction on 
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the right-hand side being formed by the earth to which 
the outsides of cable and condenser are connected. 

Let a and b (the two wire resistances) be adjusted 
until, on pressing down the contact, no deflection is 
observed at the galvanometer. 

c and X are the electro-static capacities of the con- 
denser and cable respectively. Then 

a X 

7"? 
or 

a 

X ^ C-T 

o 

2. Varley'B Method. — The coils g' and ^ of a differen- 
tial galvanometer are connected at one end together to 




EKKTM 



the key and battery ; their other ends to the standard 
condenser c and cable x respectively. A shunt is used 
across the coil g. The initial magnetic effect of the coil 
^upon the needle is m, that of^' is m\ Then 



'"i<S^'} 
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Capacity, 



If the galvanometer coils are equal {m = w!) 

3. Method of Swing of Needle. — ^The cable whose 
capacity is x microfarads is connected with a galva- 
nometer, and through a contact key with battery and 



KD 



1 



EARTH. 



EARTH 



earth. On making contact the needle is deflected a° 

The cable is removed, and a standard condenser whose 

capacity is C microfarads is introduced instead, giving a 

throw of a,". Then 

. a 

sm — 

a: = C microfarads. 

. tti 

sm — 

2 

If in each case a different shunt is used, let the resist- 
ance of the galvanometer be g ohms ; that of the shunt, 
when the deflection a with the cable is obtained, be s 
ohms ; and when the deflection a, with the standard con- 
denser be ^i, then 



sm 



^ = C 



^\ g-\- H 



(microfarads). 



sm 
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If the shunt is used with the cable, and not with the 
condenser, 

sin — . *i—^-^ 

X = C . . . . (microfarads). 

ai 
sin — 

2 

Inductive capacity from insulation and fiJl of 
tension {Siemens).* 

Inductive capacity = ■:^-j. — c L] — \ (microfarads). 

Where R = resistance of insulation, in megohms ; 
C = immediate discharge ; c = discharge after /seconds ; 
/ = interval of time in seconds. 




CABl-C 



When the cable is very long a resistance, r megohms, 
is inserted between galvanometer and earth. Key is 
depressed for T minutes, and deflection, d, observed. 
Then key is raised, and after / minutes deflection d' 
observed. 

•4343(R + r + j^)/ 
Inductive capacity = r-^ r — —,— . . microfarads. 

* Submarine Telegraph Report, 1861, p. 457. 

F 
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R s resistance of insulation after T minutes ; s resist- 
ance of shunt in ohms ; g resistance of galvanometer in 
ohms. 

The joint tension of two condensers or cables, 

when one is charged by another, is as follows : 

Let C = capacity of the charged condenser; T = its 
tension ; r = capacity of other condenser ; / = the tension, 
when they axe united. 

Then /^Txtt^, 

The joint electro-static capacity of two cables.— 

If a charged cable or condenser be joined to another 
cable, the charge will divide itself between the two in 
proportion to their respective capacities, the resulting 
tension being the same in both* Let C be the capacity 
of a standard condenser, charged to tension T, c that of 
another condenser or cable, and / their joint tension 
when combined. 

Then t : T :: C : c+C. 

And the capacity of the second condenser will be 

T — / 

The electro-static capacity, F, of a knot of cable 
bemg given in microfarads, its specific capacity, k!^ is 

^' = F — — ".^^ . . . microfarads. 
2728 

The specific capacity is thus measured in terms of that of a cube 
knot of the insulator. 
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Approziiziate Electro-static Capacities of various 

Insulators. 



VtK" ' 



Insulator. 


Electro-static Capaoty 
{/e) of a plate i square 

foot XiiJbo inch. 


Air=x. 




Microfarads. 




Air . , 


0-0323 


1*00 


Resin , 


0*0573 


1*77 


Pitch . 


0*0581 


1*80 


Beeswax 


o'o6oi 


1*86 


Glass 


0'o6i4 


1*90 


Sulphur. 


0*0623 


1*93 


^Shellac . 


0*0630 


i^l^ 


1. R. . 


0*0904 


Hooper . 


0*1073 


31 


G. P. . 


o"i357 


4*2 


Mica 


0*1620 


50 



The electro-static capacity of an insulated cylin- 
drical conductor is 

K= 1*384 >^ =r • . microfarads. 

In which 

^= the capacity of a plate i square foot x i niiL 

/ = the length in knots. 

D = the outer and! -. ^ - . ,. , 
, . >diameter of the cylinder. 

^ = the mner J 

The electro-static capacity {k) of a plate i square 
foot surface, and i mil thick, is 

k = 0*7225 . K . log — . . . microfarads. 

In which 
K = the electro-static capacity of i knot of cable. 
D = diameter of insulator. 
d = diameter of conductor. 
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The electro-static capacity of a cube knot is 

^ = 0*3666 K log — . . . microfarads, 

a 

K being, as before, the measured capacity of i knot 

length of cable. 

The electro-static capacity (K') of a plate whose 
surface is q square feet, and thickness is m mils, is 

K' = ^ — . , . microfarads, 
m 

k being the capacity of a plate of the same material 

I square foot surface and i mil thick. 

Resistance and Induction of Insulators. — The 

product of the resistance, in megohms, and the electro- 
static capacity, in microfarads, of any insulator, is a con- 
stant value, independent both of dimensions and form ; 
and dependent only upon the nature of the material. | 

Thus the product of the insulation resistance, and the 
inductive capacity of a coated sheet of ordinary gutta- 
percha of any size, is equal to the product of the 
insulation resistance at the same temperature, and in- 
ductive capacity of a knot, or any other length of cable 
core covered with the same material. 

This becomes evident by the following considerations ; 



and 



R = r loge -T . ■- . megohms, 

a 2 IT I 

f 
F = . 2 IT / . microfarads ; 



therefore 

RF = r/ 
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where R = the measured resistance, r the specific resist- 
ance of the material, F the measured electro-static 
capacity, and / the specific electro-static capacity of the 
material. 



ACCUMULATORS OR CONDENSERS. 

Accumulators (or, as they are commonly called, con- 
densers) are used for comparing the electro-static capacities 
of cables, the electro-motive forces of batteries, for joint- 
testing, and for preventing earth-currents in submerged 
cables. 

Varle/s condensers are made of alternate sheets of very 
thin (silver) paper saturated with paraffin, and tin-foil. . 

Clark's condensers are made with tin-foil and sheets of 
thin mica coated with paraffin or shell-lac. 

W. Smith's condensers are insulated with sheets of 
specially prepared gutta-percha containing a large pro- 
portion of shellac. 

When a condenser is first made, and before it has been 
charged with electricity, if one pole be connected with 
earth, the other side being insulated, the latter will be 
found charged with positive electricity. To avoid error 
arising firom this cause, it is advisable to leave the 
terminals of a condenser connected by a short circuit 
whenever it is not in use. 

The electro-static capacities of condensers are expressed 
in microfarads. 
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NOTES ON ELECTRIFICATION. 

When an insulated wire or cable is connected to a 
battery, and the deflection noted on a galvanometer, the 
first rush of current into the cable is due to the electro- 
static capacity of the insulator. Battery contact being 
still maintained, the deflection Mis very rapidly at first, 
and gradually becomes reduced for some time after. 
The shorter the length of cable, and the higher the 
degree of insulation, the less defined will be the diflerences 
in the deflections after a few minutes' contact 

The first current is due to three causes: ist, the 
electro-static charge between the interior and exterior 
surfaces ; 2nd, the leakage or conduction of the insulating 
material ; and, 3rd, the current due to electrification or 
absorption. The first is speedily completed, the second 
remains constant, and is permanent, whilst the electrifi- 
cation diminishes in a rapid ratio, and at length ceases 
entirely. 

Calling the permanent current due to conduction, a, 
that due to electrification or absorption, by the observed 
current at any time, /, will be a -f- ^« If; sifter a time, T, 
when b has become so small that it may be neglected, 
we remove the battery and put the cable to earth, the 
electrification charge will flow out of the cable with 
diminishing force, and tiie curve representing the current 
at intervals /, /', /", after the cable is put to earth, will 
be equal to that at the times, /, /', /", after the first 
application of the battery, but in the opposite direction, 
so that we may deduce the value of the currents entering 
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the cable at any time, f, after the application of the 
battery, by adding the constant value, a, to the current 
flowing out of the cable at a sunilat interval of time, /', 




after putting the cable to earth. The current at the first 
contact with the battery will therefore be equal to a + r. 

In these experiments the best results are obtained on 
a galvanometer, without a damper attached to the needle. 
A shunt capable of being easily inserted between the 
galvanometer terminals, and removed without interfering 
with the experiments, is required. 

The short circuit plug being removed, contact is made 
between the battery and cable through the galvanometer, 
and the deflection careftilly noted. The short circuit 
plug being replaced, the shunt is removed, and the deflec- 
tion noted at the end of one, two, three, &c., minutes. 

Great care must be taken that the cable has not been 
previously charged, and the battery must be in very good 
condition. Unsteady deflections must be totaUy discarded. 

The ratio betwepn the^deflections for equal periods of 
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contact is independent of the length and is greater or 
less according to the specific resistance of the dielectric 

The ratio is unaltered under different electro-motive 
forces so long as constancy is maintained during the time 
of observation. 

According to Mr. Warren's tests, the rate of electrifi- 
cation 6f india-rubber appears to be independent of its 
temperature : that is to say, that if the current flowing 
into a cable at the end of one minute is C, and at the 
end of / minutes it is C| ; then at any other temperature 
the current with the same battery will be C, and that 
after / minutes C/ ; and that 

This is, however, not the case with any other insulating 
material that we have met with. The rate of electrifi- 
cation, for instance, of gutta-percha when cold is much 
more rapid than when warm. The percentage incre- 
ment of resistance between one minute, ten minutes, and 
one hour of a coil of French Atlantic core was as fol- 
lows : — 

Temperature o°C. Resistance after i min. = loo 

Ditto „ lo min. = 191 
Ditto „ I hour = 289 

Temperature i2°C. Resistance after i min. = loa 

Ditto „ 10 min. = 136 
Ditto „ I hour =167 

Temperature 24°C. Resistance after i min. = 100 

Ditto „ 10 min. = 128 
Ditto „ I hour =138 
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Coils having the same dimeDsions have rarely the same 
ratio in their resistances on prolonged contact with a 
battery, but when several coils are joined together, the 
ratio between the deflections for any two successive 
durations of contact will be the mean of that of the 
several coils. This result of electrification may be of 
important appUcation in ascertaining whether any slight 
defects have occurred in manufacturing core into cable. 



RAtES OF WORKING THROUGH CABLES. 

The rates of working with the same transmitting and 

receiving system, through two cables insulated with the 

same material, may be compared when their dimensions 

are known. 

Let S and S, be the speeds of working, 

/ and /, the lengths of the lines, 

D and D, the diameters of the insulators, 

^and ^x the diameters of the conductors, 
then 

If the rate S is known for one. of them, the rate of 
working through the other will be 

S. = S ^. 

d' // log -^ 
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If they aie only different lengths of the same cable, 

If the lengths are the same, but the cables differ in 
their other dimensions, 

rf.»log^^ 

S, = S gi. 

^Mog^ 

The rate of signsdling (S) through a cable is ex- 
pressed as follows : 

^log5 
S = tf • — — — words per mmute. (i. 

in which ^ is an empirical constant 
Since the resistance, r, per knot, of the copper is 

81361 



r = 



d} 



^ = ?ii^ (.. 

r ^ 

and since the electro-static capacity, f^ per knot of a 

gutta-percha cable is 

•1^769 

log^ 

. D -18769 , 

log-j = -y- • • • • (3. 

We may insert (2 and (3 in (i, which gives the more 
convenient formula for the speed (S) 

81361 '18769 I 15270 

r f /» rfP 
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In the Atlantic Cable (1865) / =s 1896 knots ; r «= 4*01 

ohms (when submerged); /= o'3S35 microfarads; the 

maximum speed which has been attained is 25 words a 

minute, 

4-10 X o*3S3S X 1896' = 5210000 

therefore the constant (f) 

5210000 
c^ 2sp< ^-— — - = 8530. 
15270 

Therefore, according to these data, the maximum speed 

(S) of any cable is 

15270 
S = 8530 X ' \fj% • • words per minute 

130,000,000 • 

If we call the copper resistance of the whole length of 
any cable r / = R ohms ; and the whole electro-static 
capacity// = F microfarads; then R F = r//^; and 

- 130,000,000 - 
speed = words per mmute, 

whatever the material of the cable. 

Calculated by this formula, the speed of the British 
Indian Cable is 12 words per minute, whereas 15 words 
have been attained : therefore the constant 130 millions 
becomes 160 millions, and the maximum speed (S) at 
present attained is 

-, 160 millions - 

S =s :^-=; — . • . words per nunute ; 

which is applicable for any cabl^, and any material. 

The speed of working through a cable insulated 
with gutta-percha is as follows : — 
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1. With reflecting galvanometer 
3^^^^QogD^-log^) ^ ^ ,ords per minute. 

2. With Morse 

„ ^ (log D - log ^) , 

518 — ^— ^ — Tj — - . . words per minute. 

/ being the length of the cable in knots, 
D the diameter of the G. P. in mils or thousandths of 
an inch, and 
d that of the copper in mils. 

The speed of signalling through any core of Hooper's 

material with the reflecting galvanometer is about 

//• (log D - log ^ - 
11,557 — ^ ° ^— ^ words per mmute; 

and with Morse's apparatus 

//• (log D - log ^ - 
700 — ^—2 — — 2—: words per mmute, 

/ being the length of the cable in knots, 
D the diameter of the core, and 

d that of the conductor, both in mils. 

Tables of Speeds with Mirror System. 

The following Tables are calculated from the data 
supplied by the Atlantic (1866) Cable, taking the 
working speed at 17 words per minute. The maximum 
speed attained experimentally with this cable was 25 
words, or 50% higher than the working speed. 
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Working Speed* with Mirror System. 





Gutta 


,-percha 


and Copper strand — Equal weights. 










(j=2799) 






Wdgbts of 


d 

in 

mils. 


D 

in 
mils. 


Speed of working in words per minute for 
following lengths. 


Copper 


Gutta- 


xooo 


1500 


9000 


2500 




percha. 






knots. 


knots. 


knots. 


knots. 


lbs. 


lbs. 














loo 


100 


84 


235 


i8'3 


8-1 


4-6 


2*9 


no 


1 10 


88 


246 


20*1 


8-8 


5-0 


3*2 


I30 


120 


92 


257 


22*0 


9*7 


y^ 


3*5 


130 


130 


96 


268 


24*0 


io'6 


6*o 


3-8 


140 


140 


99 


278 


26*0 


II-4 


6-5 


4*2 


150 


150 


103 


288 


27-5 


12*2 


6-9 


4*4 


160 


160 


106 


297 


29-3 


13*0 


7*3 


4-7 


170 


170 


109 


306 


311 


13 '8 


7-8 


5-0 


180 


180 


"3 


315 


330 


14- 7 


8-2 


5*3 


190 


190 


116 


324 


35 -o 


15 5 


8-7 


5-6 


200 


200 


119 


332 


37-0 


i6*4 


9-2 


5*9 


a 10 


210 


122 


340 


38-4 


17*0 


9-6 


6-1 


210 


220 


124 


348 


40-3 


17-9 


lO'I 


6-4 


230 


230 


"7 


356 


42-1 


18-7 


io'5 


6-7 


240 


240 


130 


364 


44-0 


19-5 


II'O 


7-0 


250 


250 


133 


371 


46*0 


20'4 


11*2 


7*4 


260 


260 


135 


379 


48*0 


21*3 


I2*0 


7*7 


270 


270 


138 


386 


49*4 


21*9 


12-3 


7*9 


280 


280 


140 


393 


51-2 


22-7 


12*8 


8-2 


290 


290 


143 


400 


531 


23-6 


13*3 


8-5 


300 


300 


145 


407 


55 'o 


24*4 


14*0 


8-8 


310 


310 


148 


413 


57-0 


25 '3 


142 


9-1 


320 


320 


150 


420 


59-0 


26*2 


15*0 


9-4 


330 


330 


152 


437 


6o*4 


26-8 


15-1 


9*7 


340 


340 


155 


433 


62*2 


27*6 


15-5 


lO'O 


350 


350 


157 


439 


64*1 


28-5 


i6'o 


io'3 


360 


360 


159 


446 


66 -o 


29-3 


i6*5 


10*6 


370 


370 


161 


452 


68 -o 


30'2 


17*0 


io*9 


380 


380 


164 


458 


70*0 


3I-I 


17*5 


11*2 


390 


390 


166 


464 


71-4 


31-7 


17-9 


II-4 


400 


400 


168 


470 


73-2 


32*5 


i8*3 


II-7 



* The maximum speed is 50% higher. 
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Worldng Speed* with Miirm Sjrstem. 



Gwtta-perehi io% heayier than Co(^w strand. 

(?— ) 


Wd^..o( ^ 


D 
in 
nib. 


Speed or wotkiag Ed vodin w 


mtelbr 


C^er Gu™. idL 


=t 1 i"_ 1 .- 1 


.'»?> 



ia^K)edi(S6%tii^ier, 
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Working Speed* with Mirror System. 



Gutta-percha 20% heavier than Copper strand. 








(?=3-«4) 






Weights of 


d 

in 
mils. 


D 

in 

mils. 


Speed of working in words per minute for 
following lengths. 


Copper 


Gutta- 


xooo 


1500 


flOOO 


•500 


strand. 


percha. 






knots. 


knots. 


knots. 


knots. 


lbs. 


lbs. 














100 


X30 


84 


254 


30*0 


8-9 


5-0 


3-3 


1 10 


132 


88 


367 


33*0 


9-8 


r^ 


3-5 


ISO 


144 


9a 


379 


34*0 


xo*7 


6-0 


3-8 


130 


156 


96 


390 


36*0 


xx-5 


6-5 


4*2 


140 


z68 


99 


30X 


38*o 


X3-4 


7-0 


4-5 


150 


z8o 


103 


3" 


30*0 


13-3 


75 


4-8 


160 


193 


X06 


32a 


33*0 


X4'3 


8-0 


51 


170 


304 


109 


33a 


335 


X4-9 


8-4 


5*4 


180 


3X6 


"3 


341 


35-5 


X5*8 


8-9 


5*7 


190 


338 


X16 


351 


37-4 


x6-6 


9'3 


6*o 


100 


340 


119 


360 


39-4 


17*5 


9*9 


6-3 


aio 


252 


133 


369 


41*4 


x8*4 


xo»4 


6*6 


130 


364 


124 


377 


43*3 


x^-a 


10*8 


e-9 


330 


376 


«27 


386 


453 


30* X 


xx-3 


7*3 


140 


388 


130 


394 


47-3 


3I*0 


xx*8 


7*6 


350 


300 


^IZ 


403 


49*3 


3X*9 


X3-3 


l\ 


160 


3" 


135 


410 


51-3 


33*7 


X3*8 


370 


3M 


138 


418 


53-2 


23*6 


133 


8-5 


38o 


336 


X40 


436 


55-2 


H-5 


X3'8 


8-8 


390 


348 


143 


433 


57-» 


25-4 


14-3 


9-x 


300 


360 


145 


4^1 


59-x 


36*3 


X4*8 


9*5 


310 


373 


148 


448 


6x-x 


37«X 


'5| 


9-8 


330 


384 


150 


455 


63'o 


38*0 


15-8 


xo*x 


330 


396 


152 


463 


65 'O 


38*9 


i6*3 


xo*4 


340 


408 


155 


46Q 
476 


67«o 


39*7 


i6-8 


xo*7 


350 


430 


157 


69*0 


30*6 


I7'8 


xx*o 


360 


43« 


159 


483 


71*0 


31-5 


xx'4 


370 


444 


z6x 


490 


73 'o 


32-4 


18-3 


ix-7 


380 


456 


164 


496 


75-0 


33*3 


x8*8 


X3*0 


390 


468 


x66 


503 


77-0 


34-3 


I9'3 


"•3 


400 


480 


168 


509 


79-0 


351 


X9*8 


X3«6 



* The mairiinmn speed is 50% higher. 
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Table of aotaal Speeds attained in working fhzougli 

exiirtlTig Cables. 



Cablb and Sbction. 



X. Rbd Sea :— 

Suakia-Aden section • 

3. Malta-Albxandria : — 
Malta-p-Tripoli . . . 
Tripoli — Bengazi • • 
Bengazi — ^Alexandria • 
Alexandria — Malta • • 

3. Persian Gulf:— 

Fao— Bussire • • • 
Bussire — Mussendom • 
Mussendom — Gwadur . 
Gwadur — Manora • • 
Fao — Mussendom . . 
Mussendom — Manora • 



4. Atlantic Cable (1865) . • 

5. Atlantic Cable (x866) . • 

6. Malta-Alexandria (1867) 

7. French Atlantic (1869) :— 

Brest— St. Pierre . . • 

St. Pierre — Duzbury . . 



Date 

of 

Exp. 



x86o 
x86x 



X864 



X867 
X867 
x868 

X869 



T ^ 



0*5333 
0*4809 



0-5384 



0*5020 
0*5030 
0*5107 

0-4468 
0*5x07 



Loigth 

in 
Knots. 



639 

330 

S07 

597 

X330 

329 
3S8 
366 

547 
624 

X896 

1857 

92s 

3584 
749 



Actual 
Speed 

in 
Words 

per 
Mmute. 



{ 



XI 

31 

34 

17 

3-a 

25 

17*5 
i6'7 
30 

X3*X 

9*64 
17 
17 

X9 

Any 
speed 



System. 



Morse 

Morse 
do. 
do. 
do. 

Morse 
do. 
do. 
do. 
do. 
do. 

Mirror 

Mirror 

Mirror 

Mirror 
do. 






Th(B following Table, extracted from a more detailed 
one by Sir W. Thomson, gives the relative speeds of 
working similar lengths of cables having different ratios 

— when D is given. 
a 



d 

D 


D 


Speed = 


d 
D 


D 
"d 


Speed = 

»~*Vd7 ^^d 


O'l 

o*a 
o*3 
o*4 
0'5 


10 

5 

m 

2-5 

2 


*I252 

•3500 

•5891 
*797i 
•9421 


o*6 

0*6065 
o*7 
0*8 
o*9 


1*66 

1*649 = v« 

1-429 

1*25 

i*iil 


•9996 

X'OOOO 

•9554 
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Speed of Waves in Cables. — To measure the speed 
of waves in cables, it has been proposed to connect the 
cable (^), between the axes of the two synchronously 
oscillating tongues, a and h^ which make contact at i, 3, 
and 2, 4. £ and £' are equal batteries, their opposite poles 



(A^ « ( mrt \ I «f y 



I 



MABTH 



being connected with 3 and 4, and their point of junction 
to earth ; ^ is a galvanometer connected between i and 
2, the latter contact being to earth. 

Let the velocity of a and d be adjusted to v oscillations 
per minute, until the needle of the galvanometer attains 
its maximum deflection. Then kt the velocity be gradually 
diminished to v' oscillations per minute, the needle having 
passed zero, been deflected to its maximum on the other 
side, and returned to its previous maximum position. 
The number of waves n in the cable when the velocity 
is V, is 

V 

n = • 

And the time / which a wave takes to reach the further 
end is 

I 

/ mmutes. 
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Instead of observing the two maximum deflections on 
the same side, the velocities at the moments when the 
needle makes alternate returns to the zero line may be 
observed. 



GALVANOMETERS. 

The mirror galvanometer^ as arranged by Professor 
Thomson, shows the deflections of the needle by the 
reflection of a ray of light upon an equally divided scale. 
As the angular deflections which produce the movements 
of the ray of light upon the scale are small, it is assumed 
that the values which are read off, and which are pro- 
portional to the tangents of twice the angles of deflection, 
are also proportional to the currents producing them. 

The sine galvanometer is tumable about a pin in its 
centre. When the needle is deflected from the zero, the 
coils are turned after it until the zero point is brought 
again to coincide with the needle. The strength of 
current producing the deflection is then directly pro- 
portional to the sine of the angle through which the coils 
are turned. 

The tangent galvanometer has its coil always placed in 
the plane of the magnetic meridian, and has a diameter 
at least ten times the length of the needle. When the 
needle is deflected, the current producing the deflection 
is directly proportional to the tangent of the angle. 

In absolute measure the current strength, I, producing 
the deflection a°, is 

I = 1764 Y tan a**; 
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in which 1764 units of force = the horizontal intensity 
of the earth's magnetism ; r = the radius of the coil ; and 
L its length, both being in metres. 

When the coil of a tangent galvanometer contains n 
turns, its diameter being = d metres, the current causing 
a deflection, a% will be 

I =5 o'50i5 — tan a° (absolute units of current). 

The ordinary gahanoscope may be used at times as a 
galvanometer, provided, in the two measurements which 
are to be compared, the same deflection is obtained 
either by the insertion of adjustable resistances, or by 
the arrangement of a shunt across the galvanoscope coils, 
by which the stronger current is reduced so that the 
required portion only passes through them. 

Method of vibrations. — ^This maybe employed with 
any galvanometer or galvanoscope having a single needle 
The coils are placed at right angles to the magnetic 
meridian and the number, m^ of oscillations counted 
which the needle makes across the magnetic meridian 
when under the influence of the earth's magnetism alone. 
The circuit is then closed, by which a current, r, which 
is to be measured, is allowed to traverse the coils, and 
the number of oscillations, N, in the same period of time 
noted. With any other current, C, let the number of 
oscillations similarly observed be ft/ then as ti^ is pro- 
portional to the horizontal intensity of the earth's mag- 
netism, 

• ' — sa the force of the current, c. in terms of that 

tnr 
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of the horizontal intensity of the earth's magnetism ; and 

#ff^ ^^M 4M 

r — = the current, C, in the same unit 

nr 

The effect of a oircxilar current upon a magnetic 
element (Wdfer). — ^When the distance of the magnetic 
element from the centre point of the current circle is x, 
its diameter y^ the current g, and the magnetic intensity 
of the element which is deflected fi^ the force J with 
which the deflection takes place is expressed by 

To measure the resistance of a galvanometer 
when no second galvanometer is to be obtained. — 

Connect a single constant element, £^ in the circuit of a 
known resistance, R ohms, and arrange a shunt, j, across 
the ends of the galvanometer coil so as to give a readable 
deflection. Then alter the resistance of the shunt from s 
to / ohms, and the resistance R will have to be altered to 
R' ohms in order to give the same deflection as before. 
With these data the resistance of the galvanometer is 

Correction of throw of galvanometer for re- 
sistance of air. — ^The experimenter, after observing 
the throw, should keep his eye upon the scale and note 
the point which the needle or light spot reaches in its 
next return. The correction to be added for the air is 
^th of the difference between the two readings. 
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CONSTANTS OF GALVANOMETERS. 

The figure of merit of a galvanometer is the resist- 
ance Ri which in its circuit, with one Daniell's element, 
gives a deflection of i degree of arc. 

Connect the galvanometer, as in the method given 
below. If </ is in degree of arc, 



ohms. 



^"'■^^■(M-.*'■*'')■ ■ ■ 

« •- 

If ^ is given in divisions of the mirror scale, let the 

distance of the scale from the mirror be / (in the same 

measure as d)^ then 

d 

-J = tan 2 a. 

Having found a in this way 

Ri = a (7^— hR + ^) • • • ohms. 

Mirror galvanometers may be compared with each other 
by the resistance necessary to produce, with DanielFs 
element, a deflection of i division of the scale. 

To find the deflection due to the current of 
one cell, with a resistance of one megohm. — 

Connect a shunt across the ends of the galvanometer 
coil, and put it in circuit with one cell, and R ohms. 
Let the resistance of the galvanometer be G ohms ; that 
of the shunt s ohms ; that of the cell r ohms, and the 
observed deflection d divisions. The constant deflection, 
D, with a resistance of one megohm, would be 

D = ^ . — ^^ . ( R + r-l-T;-- — )io'* • divisions. 
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It is customary to make the resistance of the whole 
circuit, that is, the sum of the resistance (R), of the cell 

W, and of the paiaUd j«^S"}' ''^ *° »°.«^' 
in which case the constant 

D ss d , , , , , diviaons. 

s lOO 

If the shunt, j, have a multiplying power of loo, with 
f R + '"H — p — J = 10,000 ohms, the constant 

To find the resistance which, with a given 
battery, produces the unit deflection* 

I. Indirect method (Hockin). — ^The three sets of 
resistance coils, a, ^, and r, are arranged as in the figure, 




a 



llBJ 



with the battery, B, a galvanometer, G, and a ^unt, 2, 
equal in resistance to -g^ of the galvanometer coils. The 
resistance c is made = 1000 ohms, and a and b adjusted 
until a convenient deflection, d, is obtained. Then they 
are altered, a to ^i, b to ^1, and ^ to ^i ; the same deflec- 
tion, d, being obtained as before. 
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Then 

A, , ( 3 + <r + o-ooi G) (^ + f, + o-ooi G) \ 
R. = 0001 rfj K -«) (b-t,)c J 

megohms. ... 

- 2. Direct method (Bbckm).— By this method the 
resistance of the battery, B, has to be calculated ; A and 
/ being variable resistances, and g the resistance of the 
shunted galvanometer. First, A is adjusted (whilst the 




ciraiit / is broken) until a convenient deflection is 
obtained; then/ is joined up as shown in the figure, 
and A adjusted to Ai until the same deflection is obtained 
as before. With these data we obtain the battery re- 
sistance 

A direct deflection, d, is obtained with a resistance, K, 
in circuit The resistance, R, is 

Ri = o-ooi ^ (K + B + ^ . ♦ • (megohms). 

3. Simple shimt circuit. — Let the galvanometer be 
connected up with the battery and a large resistance 
(about 1 0000 ohms); connect an adjustable shunt, s^ 
across the galvanometer until a suitable deflection (whose 
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function is d) is obtained ; then if the batteiy resistance 
is r ohms, 



(megohms), 



G being the resistance of the galvanometer in ohms. The 
resistance, r, of the battery can generally be estimated 
sufficiently nearly to avoid practical error, and the resist- 
ance, R, be reduced by f r-f- 773— ) ohms, so as to make 
the whole circuit resistance s loooo, then 

s 100 

And if J =5 — (or ss 100 I which will be found, 

99 \ >^ / 

in^^eneral work, to be a useful proportion, 

Ri B ^ , • . (megohms). 

To find the current (in B. A. units) which 
produces the xudt deflection. 

• Connect the shunted galvanometer in circuit with a 
single element and a resistance coil. 
Let G = the galvanometer resistance 

s es the shunt re^stance v • i, 

r = the resistance of the element 

R = the resistance coil 

E = the electro-motive force of the element in volts. 

• « »• 

a s the function of the deflection obtained (division, 

sine, or tangent). 
Then 

^ E S (the carrent which 

V^ — c _ ._ ; ; ^^ ; ^ . ^ « (produces the unit 

a |G(R + r+ ^) + J(R + r)} (of deflection. 
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And the function of any other deflection of the galva- 
nometer multiplied by this constant will express the 
strength of the current producing the deflection in B. A, 
units of current 

It is convenient, in taking this constant, to make the 
total resistance of the circuit equal to loooo ohms, or 

R -f r -f Q— r> = loooo, 

and to make the multipl)dng power of the shunt 100, or 

G-l- J 

— * — = 100, 
s 

in which case the constant (C) for reduction to B. A. 

units of current is 

c = 5 10- 

a 

Example, — With a Dubois sine galvanometer and a Daniell's element 

Gj 
we obtain with a iJ^th shunt a deflection of z(P ; R + r + = 

lo,ocx> ohms ; and E = 0*9268 volts. Sine 26° = 0*438. 

C = . " - X 10""* = 2*ii6 X io-"«. 
0-438 

Therefore with this galvanometer the sine of any deflection multi- 
plied by 0*0000021 16 gives the B. A. units of current circulating in its 
coil at the moment Thus, when 100 Daniell's elements were con- 
nected up with the galvanometer and a knot-length of gutta-percha 
covered core, a dleflection of 1 1° was observed. The cun-ent, I, was 
therefore 

I = sin 11° X 2*1 16. X IO~« = 0*404 X I0-* (B. A. units). 

E E 

According to Ohm*s law, I = — or R = -=-, and as in this case 

R 1 

E = 100 X *9268 = 92*68 volts, 

92*68 - , 

R = ^ — r = 229 X 10' ohms. 

*404 X 10"* 

or 229 megohms. 



/ 
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Galvanometer wires may be wound so as to render the 
instruments very sensitive, with a minimum quantity of 
wire, by following the law given by Thomson. The 
curve forming the transverse section of the coil is ex- 
pressed by 

X being the abscissae from the zero point passing through 
the magnet, y the ordinates, and a a constant* 



v^ •■ 



MEASUREMENT OF ELECTRO-MOTIVE 

FORCES, 

1. Wiedemann's method. — ^Two batteries to be 
compared, whose electro-motive forces are E and E' volts, 
and whose resistances are R and R' ohms, are connected 
up in the same circuit with a tangent galvanometer 
whose resistance is r ohms, so that their currents go 
the same way, and give a united current, I^ 

^ E+g 

' R-l-R'-l-r 

Then they are connected up so that their currents go 

in opposite directions through the same circuit, in which 

case the diflference of the currents being I^ 

E-F 

**" R-fR'4-r 
Whence 

E' = E ]f^ . • (volts). 

2. Method of equal deflections. — Let the electro- 

♦ " Cours de physique," par A. Boutan, Paris, 1867, p. 117, 
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motive forces be E and E'. Join the batteries up suc- 
cessively in the circuit of the same galvanometer with 
the various total resistances, R and R', so that in each 
case the same deflection is obtained. 

Then E' = E J^ 

3. When the electro-motlye forces differ greatly 

a shunt is employed to diminish the galvanometer deflec- 
tion of the more powerful battery. Let g be the galvano* 
meter resistance, and s that of the shunt ; then 

E' = E- 



R 

4. When shunts are used foi' both xneasore** 
xnentSi 



E' = E 






5. Wheatstone's method. — First : the battery, E 
volts, in circuit with resistance, R ohms, gives a deflection 
a° By adding r ohms, the deflection is reduced to /3° 

Secondly : the battery, E' volts, in circuit with resist- 
ance, R' ohms, is deflected a**; which deflection is 
reduced to ^ by adding r' ohms, 

E' == E^\ , (volts), 

6. PoggendorfTs method. — ^The two points, a and b^ 
form the common junction of three circuits ; 

I. The larger battery, E' (volts), 
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2. An adjustable resistance, R, ' 

3. A galvanometer and measuring cell, £ (volts). 




The currents of both batteries go in the same direc- 
tion through R, which is adjusted until no current goes 
through the galvanometer. The resistance of the battery 
circuit £', between a and h^ being r ohms, 

E' = E ^^ . . (volts). 

7. When the resistance of the battery^ E', is not 
known, insert a resistance, r, in the circuit of £', and 
obtain a balance with R in the middle circuit Then 
change r to r', and R to R', until a balance is re- 
established 

^, T. ('^ - ^) + (R - R') / , V 

E' = £ ^ (rTr^) ' • <^^^^>- 

8. Clark's method with the Potentiometer.— R is 
a coil of platinum wire of 100 turns wound on an ebonite 
cylinder which revolves on its axis like a Wheatstone's 
Rheostat ; the ends of the coil are connected to the axles 
which work in the blocks* A and B ; / « is a battery of 
several cells also connected to the blocks A and B, which 
sends a continuous current tlu-ough R. By the rheostat, 
Rh., the total resistance of the circuit can be varied. 
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E IS a standard element, connected to the blocks A and 
B, with an intervening galvanometer, which by a proper 
adjustment of the rheostat is just balanced by the battery 
/ « in the manner before described, so that no current 




passes. Thus far the arrangement is similar to that o 
Poggendorffl E' is the cell whose tension or electro- 
motive force we desire to measure, and this is connected 
with the block A and galvanometer g^ and a travelling 
contact «, which can be applied to any part of the wire R. 

Assuming the standard battery, E, to be exactly 
balanced by / «, and to have a tension of loo, and 
calling the tension at A = o, we have between A and B 
every tension from o to loo, and by applying the wire 
n successively to different parts of the wire R, we soon 
find a point where the tension of E' is balanced, no 
current passing through g, A scale of equal parts 
measured along R gives the tension of the cell E' by 
simple inspection. 

By the use of a mirror galvanometer, and by fixing 
a divided scale on the revolving cylinder, it is easy to 
measure tensions accurately to the ten thousandth or 
even hundred thousandth part of a Darnell's cell When 
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the battery E', which we wish to measure, is more 
powerful than the standard battery E, their positions 
are reversed, and E is connected to the galvanometer g 
and wire n. 

Laws' Method. — The two elements, or batteries, to 
be compared, are used in succession to charge a given 
condenser. Their electro-motive forces are in direct 
proportion to the charges communicated by them to the 
condenser. When batteries of very different values are 
to be compared, a shunt must be used in reading the 
throw due to the charge current of the larger one. 

Maximum Current. — The maximum current of a 
battery of given surface of plates is obtained when the 
resistance of the battery is equal to that of the circuit 
exterior to it 

If we have N elements, the resistance of each being r 

ohms, and the external resistance of the circuit R ohms, 

N 
we must arrange the battery in n rows of each — 

fi 

elements in series, and these rows we must then connect 

up parallel with each other. 

The number of rows will be 



/Nr 



R 

The resistance of each row being 

^r = «R . . . ohms. 

n 
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TELEGRAPH BATTERIES. 

Daniell's element consists of a pole of sheet copper 
in a saturated solution of sulphate of copper, and a pole 
of amalgamated zinc in dilute sulphuric acid ; the two 
solutions being separated by a porous diaphragm. The 
electro-motive force of this element is equal to 1*079 volts. 

Hinotti's element^ which is the simplest and least ex- 
pensive form of Daniell's element, consists of an earthen- 
ware jar, at the bottom of which is placed a disc of sheet 
copper connected to an insulated wire. The jar is half 
filled with sulphate of copper crystals, over which a disc 
of felt is placed, and above this a thick layer of sawdust 
to act as a diaphragm. The zinc plate is circular, and 
lies upon the sawdust. When in use, the cell is filled 
up with acidulated water. A thin layer of oil above this 
is found useful to prevent evaporation. 

Maris Davy's element consists of a carbon pole in a 
paste of proto-sulphate of mercury and water contained 
in a porous pot ; and a zinc pole in dilute sulphuric acid. 
The electro-motive force of this element is 1*524 volts. 

Leclanch^'s element consists of a zinc rod in a 
solution of ordinary commercial sal-ammoniac; the 
negative pole is a prism of carbon, tightly packed into 
a porous pot with a mixture of peroxide of manganese 
and carbon, in the form of coarse powder. Its electro- 
motive force is about 1*48 volts. 

Paure'8 Carbon Battery. — In this battery an outer 
jar contains a solution of common salt and a zinc 
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cylinder. Inside the zinc cylinder is the carbon pole, 
which is made in the form of a bottle, and is filled with 
concentrated nitiic acid. This bottle is closed by a 
carbon stopper to prevent the escape of fumes, and 
performs the double function of porous pot and of 
carbon pole ; the nitrous gas rises inside the bottle, and 
increases the pressure, forcing the acid through the 
porous cell in sufficient quantity to keep up the action. 

Chromate of potaBsinm element. — Prepare two 
solutions, the first to be made by dissolving 2 ounces of 
bichromate of potash in 20 ounces of hot water, and 
when cold add 10 ounces of strong sulphuric acid. As 
this addition will cause the solution to become warm, it 
must be allowed to cool before being used. 

The second is a saturated solution of common salt, 
which is made by adding salt to the required quantity of 
water until it ceases to dissolve any more. 

To charge the battery with these solutions, the bichro- 
mate solution must be poured into the porous jar con- 
taining the carbon until it reaches about half an inch 
from the top ; then pour the salt solution into the outer 
vessel containing the zinc until it reaches the same level. 
A battery thus excited will remain in full action for hours 
if used continually, or fo»-days if occasionally employed. 

The electro-motive force of a chromate element in which 
amalgamated zinc and carbon poles are both immersed 
in a solution of chromate of potassium is =: 1*015 
(Danieirs), or = 1*095 volts. 
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The electro-motive force of Orove's element has 

been determined by Poggendorflf, as follows : — 



Zinc in Sulphuric 
Acid. 



Sp. gr. = 
Sp. gr. = 
Sp. gr. = 
Sp. gr. = 
Sp. gr. = 



136 
136 
060 
136 
060 



Sulphate of Zinc solu-) 
tion / 

Solution of common I 
Salt.- . . . .1 



Platinum in Nitric 
Acid. 



Concentrated . 
Sp.gr. = 1-33 
Sp.gr. = 1-33 
Sp.gr. = I'I9 
Sp.gr. = I-I9 

Sp.gr. = 1-33 
Sp. gr. = 1*33 



Electro-motive 
Force. 



DanielPs 

= z 



Volts. 



• 
• 
• 
• 

• 


I'8l2 

1-678 

1*603 

1-558 

1-512 


. 


I -550 


• 


1-765 



1-955 
1-809 

1-730 

I -681 

1*631 

1-673 

1-905 



The electro-motive force of elements whose nega- 
tive poles are formed by amalgams of some of the metals 
contained in porous pots have been found by Wheatstone 
to be as follows : — 



Amalgam 
of 



Solution of 



Potassium Sulphate of Zinc • 

Ditto Sulphate of Copper 

Ditto Chloride of Platmum 

Ditto Sulphuric Add • 
Ditto Ditto 

2Snc Sulphate of Copper 

Ditto Nitrate of Copper 

Ditto Chloride of Platinum 

Ditto Sulphuric Acid • 
Ditto . Ditto 



Positive Pole. 



Zinc .... 
Copper . . . 
Platinum . . 
Per-oxide of Lead 

Ditto of Manganese 
Copper • . . 

Ditto . . . 
Platinum . • 
Per-oxide of Lead 

Ditto of Manganese 



Daniell's y^^^ 



0*967 

1-967 

a*30 

3-267 

2*8o 

I'OO 

0*967 

1-333 
2*267 
z*8o 



I-04J 
1*122 
2*482 

3-525 
2*921 

1-079 
1-043 

1*438 
2-446 
1.942 
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Electro-motive Forces. 



TABLE.«-Slectro-inotive forces of •ome Galvanic 
Elements when subjected to heat.— (5a^Vx^.) 



1 

No. 


Elbmsnt. 


Tempera' 


Electro- 
motive 


Per- 
centage 


Rbmakks. 







cure. 


force. 


diflferrnce. 




1 


i8°C. 


I'OOO 


• • 


Taken as unit. 


I 


DanieU's . { 


IOO° 


I 'CIS 


+ «'57, 






1 


22° 


0-998 


— o*o 






» 


2I°C. 


1*412 


• * 


Daniell's = I. 


2 


Mari6 Davy's 


IOO° 
21° 


1-322 
1*339 


- 6*4% 

- 5*2 


After 3 hours. 




k 


22° 

• 


1*412 


o*o 


After 24 hours. 






i8°C. 


1*477 


• • 


DanieU's = I. 






ioo° 


1*258 


"14-8% 






Chromate of 


20° 

_ o 


1*513 


+ 2*5 




3 


potassium 


IOO° 

i8^ 


1*258 
1-507 


-14-8 

+ 2-1 








i8° 


1-467 


- 0-7 


After 18 hours. 


_ 




I i8° 


1-467 


— 0-7 


After 42 hours. 



The polarization of plates of metals in different 

fluids. Daniell = i. 

1. Platinum plates in diluted sulphuric acid (61 

parts acid to loo parts water) ) 

2. Platinum plates in nitric acid 1*14 

3. Copper plates in sulphuric acid i 'oo 

4. Zinc plates in sulphuric acid 0*67 

5. Graphite plates in nitric acid 0*58 

6. Amalgamated zinc plates in sulphuric acid. . 0*42 

7. Iron plates in sulphuric add 0*15 



Electro-motive Forces. 




11113 11 1 

11111 11111 
1 I * i Si I I -Mil 
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Battery Solutions, 



Sulphuric Acid. 

Table of the Specific Gravities of diluted English Sulphuric Acid 
(sp, gr. = 1*842) for use in Galvanic Elements, 



Mixture 
parts by 
weight. 


Specific 

Gravity 

at i7y C. 


Mixture 
parts by 
weight. 


Specific 

Gravity 

at x;^ C. 


Mixture 
parts by 
weight. 


Specific 

Grravity 

atX7S*C. 


Sul- 
phuric 
Acid 


Water. 


Sul. 

phuric 

Acid. 


Water. 


Sul- 
phuric 
Add. 


Water. 


,#•■ 




><- 

















100 


l'o:o 


17 


8J 


i*xx5 


34 


66 


1-245 


X 


99 


X'036 


x8 


82 


X*X22 


J5 


65 


1-253 


2 


98 


1*012 


19 


8x 


X*X29 


36 


64 


x*26x 


J 


97 


1*018 


20 


80 


I*X36 


37 


63 


1*269 


4 


96 


X'025 


21 


79 


x*x4J 


38 


62 


1-277 


5 


95 


X'0i2 


22 


78 


x*x5o 


39 


6x 


1*285 


6 


94 


I "018 


2J 


77 


I-X57 


f* 


60 


1*293 


7 


9? 


X-045 


M 


76 


i-x65 


41 


59 


1*301 


8 


92 


X'052 


25 


75 


X-X7J 


42 


58 


1*309 


9 


91 


X-059 


26 


74 


X*x8x 


4i 


57 


1-317 


xo 


90 


x-066 


27 


73 


X'x89 


44 


56 


x*326 


XI 


89 


I-07J 


28 


72 


1-197 


45 


55 


1-335 


12 


88 


x*o8o 


29 


71 


1*205 


46 


54 


1-344 


IJ 


87 


1*087 


30 


70 


X*2XJ 


47 


53 


1-353 


14 


86 


1*094 


JX 


69 


X*22X 


48 


52 


1*362 


15 


85 


I*IOX 


32 


68 


1*229 


49 


51 


1-371 


x6 


84 


i*xo8 


J3 


6: 


I -237 


50 


50 


x*38o 



/ 



. / ■» 



'*. V 
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Battery Solutions. 
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102 Voltameter, 

Voltameter. 

The volnme of gas developed, per second, is directly 
proportional to the strength of the current 

Let 74 be the volume of gas developed. 
/ its temperature in deg. Centigrade. 
h the barometric pressure in millimetres, 
then the volume (v^ at 0° Cent is 

® 760 (i + 0*003665 /) 
The B.A. unit of current develops 10*32 cubic centi- 
metres of mixed gas per min. at a temperature of 0° C, 
and a pressure of 760"* mercury. 

Jacobi defined his unit of current to be that current 
which, in one minute^ at a temperature of o" Cent,, and 
under 760 millim, barometric pressure, develops one cubic 

centimetre of explosive gas. It is therefore equal — ; — 

vebers per second. 

Electrolysis. — When part of the circuit of an electric 
current is composed of a fluid conductor, decomposition 
of its elements takes place, the constituents resolving 
themselves in the vicinity of the one or other pole ac- 
cording to their relative electro-positiveness. 

In a circuit containing water through which an unit of 
current is circulating (one veber per second), a volume 
of mixed gases equivalent to 0*00142 grains of water 
will be generated per second. 

Therefore, in a circuit in which the quantity of current 
circulating is equal to n vebers per second, the weight, W, 
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of water decomposed in / seconds will be W = 0*00142 n t 
grains, of which the weight w of hydrogen gas will be 

w = -. 0*00142 nt = 0*000158 n t grains. 

If instead of water we have a solution of some metal 
whose atomic weight is a, the weight w' of this metal 
deposited upon the negative electrode in / seconds, 
whilst a strength of current of n farads circulates will be 
7V* = o'oooi58d5«/ grains. 

Heat produced in a Conductor by a current, 
6 = 0*2405 R C ■ / ♦ • (units of heat)* 
R = Resistance of wire in ohms. 
C = Current strength, in vebers, per second. 
/ = time in seconds. 
6 = heat (in units of heat). . 

Example, — In a circuit in which is contained a battery of galvanic 
elements the current strength is equal to one B A unit (or about 
equivalent to that of a circuit containing one DanielPs element and 
I unit resistance). This current circulates through a coil of thin 
wire, which has 1*2 ohm's resistance, during 5 seconds. What 
amount of heat (B) is thereby developed in the wire ? 

Answer,— = 0-2405 x 1*2 X 5 = 1*443 units of heat. 
That is to say that, had this wire coil been plunged into water during 
the time that the current was circulating in it, the heat developed 
would have been sufficient to raise 1*443 grammes of water 1° Cent 
from its point of greatest density. 



COPPER. 

The specific gravity of copper wire, according to 
the best authorities, is about 8-899, 
One cubic foot weighs about 550 lbs. 
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One cubic inch weighs 0*32 lbs. 

The ordinary breaking weight^ of copper wire is 
about 17 tons per square inch, varpng, however, greatly 
according to the size and degree of hardness. 

The weighty per nautical mile^ of any copper wire is 

about — lbs., d being the diameter in mils. 
55 

The weighty per knot, of a copper strand is about 

d^ 

-^ lbs. 
70-4 

The weight, per statute mile, of any copper wire is 

d^ 

^- lbs. A mile of No. 16 wire weighs in practice from 

03 

63 to 66 lbs. 

The diameter of any copper wire weighing w lbs. per 
nautical mile is y/^y/HuxcSi^ 

The diameter of any copper wire weighing w lbs. per 
statute mile is 7*94 '^w . . mils. 

The diameter of.a copper strand weighing w lbs. per 
nautical mile is about 8*4 v^ , . . . mils. 

The resistance of a nautical mile of pure copper 
weighing i lb. is — 

at 32° Fahr. io9i*22 ohms. 

at 60° „ 1155-48 „ 

at 75° « "92-43 „ 
The resistance per nautical mile of any pure copper 

wire or strand weighing w lbs., is — - — - at 75° Fahr. 
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The resistance per nautical mile of any pure copper 

wire </mils in diameter, is J, ohms at 75° Fahr, 

The resistance per statute mile of any pure copper 

wire is ^2 ohms at 60° Fahr, 
a 

The resistance per nautical mile of any pure copper 
strand is -^n ohms at 75° Fahr. 

The resistance, per knot, of a cable conductor is 
equal to 120,000 divided by the product of the per- 
centage conductivity of the copper and its weight, per 
knot, in lbs. 

The resistance of a statute mile of pure copper weigh- 
ing i lb. is ioo2*4 ohms at 60° Fahr. No. 16 copper 
wire of good quality has a resistance of about 19 ohms. 

The resistance of a statute mile of pure copper weigh- 

. „ , 1002*4 « , r> ■»-• •! 

ing w lbs., IS ^ ohms at 60° Fahr, 

w 

The resistance of any pure copper wire / inches in 

length, weighing n grains = 

•0015 16 X /* , 

ohms. 

n 

The conducting power of a pure metal wire, at 

0° Cent, being Cq, its conducting power, at /° Cent is 

C, = Co (i - -003765 /-f •00000834/') 

The resistance of copper increases as the temperature 
rises o*2i per cent for each degree Fahr., or about 0*38 
per cent, for each degree Centigrade. A table of re- 
sistances at different temperatures is given below. 
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Copper, 



Table for Calculating approximately the Resistance of Copper at 

different Temperatures Fahr. 



To increase from lower temperature to 


To reduce from higher temperature to 


higher, multiply the Resistance by 


lower 


, multiply 


the Resistance by 


the Number in Column a. 




the Number in Column 4. 




No. of 




No. of 




No. of 




No. of 




De- 


Column a. 


De- 


Column 2. 


1 De- 


Column 4. 


De- 


Column 4. 


grees. 




grees. 




; grees. 




grees. 




o 


I* 


16 


I '0341 





I* 


16 


0-9670 


I 


I*0O2I 


17 


1*0363 


I 


0-9979 


17 


0-9650 


2 


1*0042 


18 


1*0385 


2 


o«9958 


18 


0-9629 


3 


1*0063 


19 


1*0407 


3 


o'9937 


19 


0*9609 


4 


1*0084 


20 


1*0428 


4 


0-9916 


20 


0-9589 


5 


I-0I05 


31 


1*0450 


5 


0*9896 


21 


0-9569 


6 


I'OI27 


22 


1*0472 


6 


0*9875 


22 


o*9549 


7 


1*0148 


23 


1-0494 


7 


0-9854 


23 


0-6529 


8 


1*0169 


24 


1*0516 


8 


0*9834 


24 


0*9509 


9 


1*0191 


35 


1*0538 


9 


0-9813 


35 


0-9489 


10 


1*0212 


26 


1*0561 


10 


0*9792 


26 


0*9469 


II 


1*0233 


37 


1-0583 


II 


0-9772 


27 


0-9449 


12 


1*0255 


28 


1*0605 


12 


0*9751 


28 


0*9429 


13 


1*0276 


29 


1-0627 


13 


0-9731 


39 


0-9409 


14 


1*0298 


30 


1.0650 


14 


0-9711 


30 


0*9390 


15 


1-0320 






^5 


0-9690 







The conduotiyity of any copper wire is obtained by 
multiplying its calculated resistance by loo, and dividing 
the product by its actual resistance. Pure copper is 
taken as = loo. 

The conductivity of any copper wire, / inches in 

length, weighing w grains, and having a resistance of r 

ohms, is 

o*iSi6 /^ 



wr 



The condactiyity of any copper may be determined 
by taking a standard having a resistance equal to loo 
inches pure copper, weighing loo grains at 60*^ Fahr, 
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(= 0*15 16 ohms). The conductivity of any other wire 
of similar resistance will be as the square of its length 
in inches, divided by its weight in grains. 

To find the wei^t (a/) of copper in lbs. per knot 
required for a given speed of working through a given 
length of cable. Let s be the speed determined upon, 
in words per minute ; / the length in knots ; and a the 
ratio which is intended to be employed between the 
weights of G. P. and copper strand.* 

1. When the speed s is obtained with the reflecting 
galvanometer, 

w = = z=^ lbs. per knot 

log (1*05 \/ 1 4- 6*8 a) 600000 

2. When the speed s is obtained with the Morse 
apparatus, 

w = lbs. per knot 

log (1*05 VI + 6-8a) 36500 

When the cable is to be insulated with Hooper's india- 
rubber, the data having been determined upon as before, 

1. With the reflecting galvanometer, 

w = lbs. per. knot. 

log (1*05 VI + 57 a) 810,000 

2. With Morse, 

w = lbs. per knot 

log (o'95 VI + 57 a) 49000 

* In the Malta- Alexandria cable, a ( = — | = i : in the Atlantic 

\ 400/ 

cables, «(=g)= 1-333. 



io8 



Copper. 



Example, — In a proposed cable it is determined to take equal 
weights of copper strand and gutta-percha (therefore a = i ) ; the 
length is 1 792 knots ; and it is required to work with the reflecting 
galvanometer at the maximum rate of 14 words a minute. The 
quantity of copper required will therefore be 

^4 X 1792' _ jgg j^ p^^ j^^^ 

log (1-05 J()'%) 610OCX) 

Table for Calculating* Resistance and Conducting 
Power of (pure) Copper. 

(Temperatures in deg. Cent.) 



Temp. 
Cent. 



O^ 

I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

13 

14 
15 



Resistance. 



Conducting 
power. 



I •00000 
i'oo38i 
1*00756 
i'oii35 
i'oi5i5 
i*ot896 
I '02 280 
I •02663 
1*03048 

I '03435 
1*03822 

1*04199 
1-04599 
1*04990 
1*05406 
1*05774 



I'OOOOO 

0*99624 
0*99250 
0*98878 
0-98508 
0*98139 

0*97771 

0*97406 
0*97042 
0*96679 
0*963 19 

0*95970 

0*95603 

0*95247 
0*94893 
0*94541 



Temp. 
Cent. 


Resistance. 


16° 


1 '06168 


17 


1*06563 


18 


1*06959 


19 


1*07356 


20 


1-07742 


21 


1*08164 


22 


1*08553 


23 


1*08954 


24 


1*09356 


25 


1-09763 


26 


i*ioi6i 


. 27 


I 10567 


28 


1*10972 


29 


1*11382 


30 


1*11782 



Conducting 
power. 



0*94190 

0*93841 

0-93494 

0*93148 

0*92814 

0*92452 

O-92121 

0*91782 

0*9x445 

0*91110 

0*90776 

0-90443 

0*901x3 

0-89784 

0*89457 



The percentage decrement in the conducting power 
of an impure metal, between 0° C. and 100° C, is to that 
of the pure one, between o°C. and 100° C, as the con- 
ducting power of the impure metal at 100° C. is to that 
of the pure one at 100° C. — {Matthiessen,)* 

♦ PhiL Trans., 1864, p. 167. 
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Table of Resistances of Pure Copper Wires. — (HaU,) 










Resistance in 


Diameter in 
inches. 


Diameter in 
millimetres. 


Number of 
yards per lb. 


Number of 

metres in 

X kilo. 


ohms of pure 

copper (unit of 

length iTte yds. 

or 1609*31 mtrs). 


•2J02 


5847 


2*095 


4*223 


1*00 


•226 


5 740 


2*175 


4*384 


1*038 


•198 
•i8j 


5a 


2^8J4 
J-3I7 


5-713 
6*680 


1*352 
1*583 


•160 


4*445 
4064 


J •628 
4*350 
6-007 


7*314 
8*75 


1*731 
2*068 


•ij6 


J 454 


X2*II 


2*867 


•128 


I 251 


6* 781 


13*671 


3*237 


•107 


2-717 


9*705 


19*555 


4*623 


•10 


2-54^ 


ii'ii 


22*398 
2646 


5*300 


:S' 


an6 


13*125 


6*266 


2 '012 


X7'j6 


35*00 


8-288 


•i* 


1-778 
X-651 


22*67 


45*71 


10*82 


26*29 


53 'oo 


12*25 


•0625 


1-587 


%^ 


57*40 


13*59 


•06 


1-521 


62*223 


14*73 


•058 


i'47i 


«'OJ 


66*588 


15*76 


•056 


1*422 


35*432 


71*411 


16*91 


•054 


IJ7I 


38*104 


76*818 


18*18 


•052 


X'J2 


41*091 


82*819 


19*61 


•05 


I 274 


44*444 
48*225 


^89*60 


21*21 


*048 


1*219 

1*168 


97*222 


23*02 


■046 


52^51 


105*86 


25*06 


•044 
'Q42 


1*117 
1-066 


S:^ 


115*70 
126*96 


27*39 
30*06 


•04 


I -016 


69*444 
77 '16 


140*00 


33*14 


•018 


. -965 


155 50 


36*72 


•016 


1^ 


85*766 


172*91 


4092 


•OJ4 


95*29 


292*70 


45*48 


•OJ2 


•8p 


io8*5 


218*74 


51*79 


•oj 


•76a 


123*46 


248*90 


58 -93 
67*65 


•028 


:2S 


1^*72 


285*71 


•026 


164*16 


m'l$ 


78*46 


•024 


•609 
•558 


192*9 


380*26 


92-08 


•022 


229*56 


462*80 


109-58 


•02 


'508 


277*78 


56001 


132*59 


•018 


*4o6 


342*94 


691*36 


163*69 


•016 


4|4'03 


875*00 


207-17 


•014 


•J55 


569*51 


1148*10 


270*58 
308-30 


•012 


•J05 


771*60 


1555-50 


•01 


•254 


XIXI*II 


2239*80 


530*35 


•0095 


*24I 


1231*10 


2481*90 


587*64 


•009 


•228 


,'1371*7 


2765*30 


654*75 


•0085 


•216 


1537*8 
1736*1 


3100*20 


734*05 


*oo8 


•20 J 


3500*00 


828*67 


•0075 


•190 


2267*6 


3982*20 


942*84 
1082*4 


•C065 


•177 
•165 


4571*00 


IS?:? 


5300*00 


1225*3 


•006 


•152 


6222*30 


1473*1 


•C055 


•IJ9 


3673*1 


7404*90 
8960-00 


1753*2 


•005 


•127 


54^7 •o 


2121*4 


•0045 


:;s 


11062*00 


2619*0 


•004 


6944*4 


14000*00 


3314*7 


•0OJ5 


•088 


90703 


18285*00 


4329*4 


'COl 


•076 
•o6j 


12^46*0 


24890*00 


5892*7 
8485*6 


*0025 


17777.0 


35838*00 
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Resistance (R) in ohms of a knot-pound of Copper Wire of 
various Conductivity at different Temperatures.— -(/«//^.) 



I 






Pbrcbntagb op 


Conductivity. 




100 •©% 


98.0% 


w«% 


94.0% 


93-0% 


90*0% 


88-0%86-0O/ 


"•0% 


82-0% 


F. 


R. 


R. 


R. 


R 


R. 


R. 


R. 


R. 


R. 


R. 


i2 


X09I 


IX13 


1 137 


xx6x 


1x86 


12X2 


1240 


1269 


"99 


"31 


JJ 


1094 
1096 


XI16 


1X39 


X163 


1x89 


X2I5 


X24J 


1272 


1302 


"34 


J4 


XX18 


1142 


xx66 


X191 


I218 


1245 


"74 


X305 


1337 


J5 


1098 


XI2X 


XX46 


1168 


"94 
X196 


1220 


1248 


1277 


1307 


"39 


J6 


xiox 


II23 


1171 


1223 


I25I 


1280 


X3IO 


"42 


i7 


ixo! 


II25 


1x49 


XX73 


"99 


X226 


X253 


1283 


X3I3 


"45 


J8 


1 105 


II28 


"51 


X176 


X20X 


1228 


1256 


1285 


13X6 


X348 


J9 


II08 


II30 


1150 


1x78 


1204 


I23X 


"59 


X288 


X319 


"51 


40 


XIIO 


XI33 


X181 


1207 


X233 


1261 


1291 


I32X 


"54 


41 


Ilia 


"35 


"59 


118} 


1209 


1236 


"74 
1267 


1291 


X324 


"57 


42 


1115 


1x37 


xx6x 


1 186 


12X2 


1239 


1296 


X327 


"59 


4} 


1X17 


XX40 


1 164 
X166 


1X88 


1214 


1241 


1269 


1299 


13 ?o 


X362 


44 


1119 


1142 


1 191 


I217 


1246 


1272 


1302 


1333 


X365 


45 


1122 


"45 


1x69 


119, 


I219 


"75 


1304 


^11$ 


X368 


46 


II24 
1126 


"47 


1171 


X196 


1222 


"49 


"77 


X307 


X338 


X371 


47 


"49 


1x73 


X198 


X224 


1252 


1280 


13 10 


1341 


"74 


48 


1x29 


1152 


1176 


1201 


1227 


1254 


1283 


X3I3 


"44 


"77 


49 


XI3I 


"54 


X178 


120; 


1230 


"57 


1285 


"15 


"47 


1380 


50 


1x30 


"57 


1181 


X2o6 


1232 


x26o 


1288 


1318 


"49 


1382 


51 


"59 


1 183 


X2o8 


1235 


1262 


1291 


1321 


X352 


1385 


52 


II38 


1161 


X186 


I2II 


X237 


126$ 


1293 


1324 
1326 


"55 


X388 


53 


II4X 


X164 
1166 


1188 


X2XJ 


1240 


1267 


1296 


1358 


X391 


54 


1x43 


XX91 


X2l6 


1242 


1270 


1299 


1329 


1361 


"94 


$$ 


II45 


XX69 


"91 


I218 


X245 


"73 


X30I 


X332 


X363 


"97 


56 


1 148 


1x71 


"95 


X22I 


1247 


"75 


1304 


"34 


X366 


1400 


57 


1 150 


"73 


1 198 


X22J 


X250 


1278 


1307 


1337 


1369 


1402 


58 


1 152 


X176 


X200 


1226 


1253 


1280 


13 10 


1340 


X372 


1405 


59 


^"^SS 


ixn8 
xxdx 


1203 


1228 


1255 


1283 


X312 


X343 


"75 


X408 


60 


II57 


1205 


I23X 


1258 


1286 


1315 


'345 


"77 


1411 


61 


"59 


X183 


X2o8 


1233 


1260 


X288 


X318 


XJ48 


1380 


1414 


62 


1162 


XX85 


X2IO 


1236 


1263 


1291 


X320 


"51 


1383 


1417 


63 


1164 
xx66 


1188 


X2I3 


1238 


1265 


1293 


1323 


1350 


1386 


1420 


64 


X190 


1215 


1241 


1268 


X296 


X326 


X389 


X423 


65 


XX69 


"93 


I218 


124; 


1270 


"99 


1328 


1359 


X391 


1425 


66 


X171 


"95 


1220 


1245 


1273 


X30I 


"31 


X362 


"94 


1428 


67 


"74 
1176 


"97 


1222 


1248 


1276 


1304 


X334 
1336 


1365 


"97 


1431 


68 


1200 


1225 


1251 


1278 


X307 


1367 


1400 


J434 


69 


1178 


X202 


1227 


1253 


X28X 


1309 


X339 


X370 


X403 


1437 


70 


X181 


120$ 


1230 


I2$6 


X283 


1312 


1342 


1373 


1405 


1440 


71 


X183 


1207 


1232 


1258 


1286 


x}x6 


1344 


1376 


X408 


J443 


72 


118$ 


X209 


X235 


126X 


1288 


1347 


1378 


X411 


1445 


73 


1x88 


X2X2 


1237 


126J 


I29X 


I320 


1350 


X381 


1414 


1.M8 


74 


1x90 


I214 


1240 


1266 


1293 


1322 


X352 


X384 
X386 


1417 


1451 


75 


I192 


I217 


1242 


1268 


1296 


1325 


"55 


X419 


1454 



To find the resistance, per knot, in ohms, of Copper in a Cable : — 

Rule.^ — Divide the value of R^ given in ike tibove Table, by the weight of 
Copper, per knot. The quotient is the resistance required. 

Example. — ^The Copper of the Persian Gulf Cable weighs 225 lbs. per knot ; 
its conducting power was 88y« of pure Copper : what is its resistance, per knot, 
at 75* Fahr. ? 

In col. 88*/«, opposite 75*, we find 1355. 

1355 

The resistance b therefore — — s 6*02 ohms per knot at the given tempera- 

aas 

ture. 



Copper. 



Ill 



The resistance of any copper wire may be found for 
any temperature from its known resistance at any other 
temperature. 

Refer to the column giving the percentage of con- 
ductivity in the Table. Divide the known resistance by 
the figure opposite the given temperature, and multiply 
by the figure in the same column, opposite the required 
temperature. 

Example, — A conductor with 90% conductivity has a resistance 

of 130 ohms, at 60° F. ; its resistance at 75° F. is therefore 

i-^o X 1325 

—7586 ='33-9 ohms. 

Table of No, of Yards per lb. of small Copper Wire. — (CulUy,) 





Birming- 
ham Wire 
Gauge. 


Diameter. 


No. of yards 






Inches. 


Milli- 
metres. 


in z pound. 






24 


•025 


•635 


177*7 






25 


•033 


•584 


2I0*0 






26 


•019 


•483 


307-8 






27 


•018 


•457 


342*94 






38 


•016 


•406 


434*03 






?9 


•015 


•381 


493*8 






30 


•014 


•355 


569-51 






31 


•012 


•305 


771-6 






33 


•010 


•254 


iiii-ii 






34 


•0096 


•244 


1205*6 






35 


•0087 


•221 


1466 -6 






36 


•0079 


•200 


1780*3 


• 




37 


•0067 


•170 


2475*2 






38 


•0058 


•147 


3302-9 






39 


'0042 


•106 


6298-7 






40 


•0039 


•099 


7305-0 






41 


•0033 


•084 


10202*0 





A strand of 7 No. 16 copper wires weighs 2-017 oz. per 
yard, 221*87 lb. per mile. 
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Copper. 



A strand of 7 No. 22 copper wires weighs '944 oz. per 
yard, 103*81 lb. per mile. 

Hooper's Tinned Copper Wire. 

The coefficient corresponding to 1° Fahr. for Hooper's 
tinned copper wire is '208 per cent of its resistance at 
75° Fahr. ; consequently, to ascertain the resistance at 
any temperature, we have to add or subtract / times '208 
per cent of the resistance at 75° Fahr., according as the 
temperature is above or below 75° Fahr. By the table, 
— ^multiply the resistance at 75° Fahr. by the coefficient 
corresponding to the number of degrees for temperatures 
above 75° Fahr., or divide by the same number for the 
number of degrees below 75° Fahr. 



Diffs. 




Dif& 




Diffs. 




of 


Coefficient. 


of 


Coefficient. 


of 


Coefficient. 


Temp. F. 




Temp. F. 




Temp. F 




1° 


1*00208 


16° 


1*03328 


31° 


1*06448 


3 


1*00416 


17 


1*03536 


33 


1*06656 


3 


1*00624 


18 


1*03744 


33 


1*06864 


4 


1*00832 


19 


1*03952 


34 


I • 07073 


5 


1*01040 


20 


1*04160 


35 


1*07280 


6 


1*01248 


21 


1*04368 


36 


1*07488 


7 


1*01456 


22 


1*04576 


37 


1*07696 


8 


1*01664 


23 


1*04784 


38 


1*07904 


9 


1*01872 


24 


1*04992 


39 


I*08H2 


10 


I '02080 


25 


1*05200 


40 


1*08320 


II 


1*02288 


26 


1*05408 


4r 


1*08528 


12 


1*02496 


27 


1*05616 


42 


1*08736 


13 


1*02704 


28 


1*05824 


45 


I •08944 


14 


1*02912 


29 


1*06032 


44 


1*09152 


15 


1*03x20 


30 


1*06240 


45 


1*09360 



Gutta-percha. \ 1 3 

The oonducting power of the following coppers have 
been determined by Matthiessen (chemically pure copper 
- 100). 

1. Lake Superior, native, not fused . . 98*8 at 15*5 

2. „ „ fused, as it comes in I 

' >02-6 at 15-0 

commerce J 

3. Burra Burra 887 at 14*0 

4. Best selected ........ 81*3 at 14*2 

5. Bright copper wire 72*2 at 157 

6. Tough copper 71*0 at 17*3 

7. Demidoflf 59*3 at 127 

8. Rio Tinto 14*2 at 14-8 

Conducting power and resistance of copper. — ^The con- 
ducting power of pure copper is taken as 100. The 
copper used in telegraphy usually has a conducting power 
of 85 to 95 per cent of that of pure copper. 

A wire of pure Copper i inch long, and weighing 1 
grain, has a resistance ^'001516 ohms, at 60° F. 

The resistance of any other wire of pure copper will 
be, at 60° F. 

_ "001516 ohms X square of length in inches 
" weight in grains 



GUn^A-PERCHA. 



The specific gravity of gutta-percha is between 
0*9693 and 0*981. 

One cubic foot weighs between 60*56 and 61*32 lbs. 

I 
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Gutta-percha, 



One nautical mile by i drcular inch weighs about 
2036 IbSb 

Unstretched gutta-percha begins to elongate per- 
manently at a strain of 6 cwt per square indi. 

The following are a few of the sizes and weights of 
solid gutta-percha cylindrical band : — 



No. 


Diameter 


Weight of Pcreha 
per Statute Mile. 


in Mils. 






lbs. 


- 


143 


36 


8 


161 


46 


7 


171 


5* 


6 


194 


66 




214 


81 




221 


86 




U7 


108 




276 


134 




289 


147 





340 


204 



Tke wei^t of gutta-percha per knot is i lb. for each 
491 circular mils of sectional area ; or for a solid cylinder, 



491 



lbs. 



The wei^t of gutta-percha per knot in any core is 



491 



lbs* where d is the diameter of the copper and 



D the diameter of the gutta-percha, both in mils. 
The wei^t c^ gutta-percha per statute mile 

554-5 * 
The exterior diameter of any gutta-percha core 

= V^7o'4 W' + 491 W mils, where «/ is the weight, in 
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lbs., per nautical mile of copper strand, and W that of 
gutta-percha. With a solid conductor the diam. « 

y/ss ^ + 491 ^ • • °^ls. 

The electro-statie capacity per nautical mile of any 
gutta-percha core is approximately 

-^ ^f: — -k T * • microfarads. 

Log D — log a 

ThB electro-statie capacity of gutta-percha core as 
compared with india-rubber core of similar size is as 120 
to 100 nearly. 

The resistance per knot of a gutta-percha core of 
the best quality ^769 (Log D — log d) megohms at 
75'' Fahr. 

The resistance of gutta-percha under pressure 
increases in the following ratio : — 

Let R be the resistance at atmospheric pressure, the 
resistance under the pressure / lbs. per square inch = 

R (i -f- o'ooo23/). 

The resistance of gutta-percha diminishes as the tem- 
perature increases ; the rate of decrease is as follows : — 

Let R = resistance at the higher temperature ; 
r s resistance at the lower temperature ; 
/ = the difference of temperature in degrees 
Fahr., — then 
log of R = log r - / log 0-9399, 
and log of r = log R + / log 0*9399, 
Tables of resistance of gutta-percha at different tem- 
peratures are given on the following pages. 



1 16 Gutta-perclia. 

Table of the relative reaiataiiDe (after i minute) of Outta- 
percha al different lemperatares, by Bright and Clark's exped- 
inenis with Persian Gulf core (1863). 



The ratio of resistance for each degree Fahr. is given 
in the above table, taking that as the standard tem- 
perature of 7S° Fahr. at 1. To reduce any resistance 
from any temperature to 75°, multiply it by the cor- 
responding number in the table. For reduction to other 
temperatures, the case must be treated as one of simple 
proportion. 

Mr. Wtlloughby Smith considers that for cables upon 
which the gutta-percha exceeds o'li inch in thictness, 
the above values are those still found experimentally. 
For cables whose thickness of gutta-percha, however, 
does not exceed o'li inch, Mr, Smith has found the 
following table to be more correct : — 



Gutta-percha. 
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Table of the relative resistance (after i minute) of Ordinary 
Gutta-percha at different temperatures, for all cores in which the 
thickness of G. P. does not exceed o'n inch. — ( W, Smith,) 



Temperature. 


Resist- 
ance. 


Log 
Resistance. 


Temi>erature. 


Resist- 
ance. 


Log 
Resistance. 


Fahr. 


Cent. 


Fahr. 


Cent 


32 


0»o 


23-622 


•373317 


67 


19^4 


I -801 


•255514 


33 


0-5 


21-947 


•341375 


68 


20-0 


1-673 


•223496 


34 


!•! 


20*391 


•309439 


69 


20'5 


1*555 


•191730 


35 


1-6 


18 '945 


•277495 


70 


2I-I 


1-444 


•159567 


36 


2*2 


17*602 


•245562 


71 


21'6 


1*342 


•127753 


37 


2^7 


16-354 


•213624 


72 


22-3 


1-247 


•095867 


38 


33 


15-195 


•181 701 


73 


22-7 


I -158 


-063709 


39 


3^8 


14-117 


•149743 


^% 


23*3 


1*076 


-03x812 


40 


4-4 


13-116 


•II 7801 


23-8 


1-000 


•000000 


41 


5-0 


12-186 


•085861 


76 


24*4 


•9418 


•973959 


42 


5-5 


11-322 


•053923 


77 


25-0 


•8870 


•947924 


43 


6^1 


10-52 


•022016 


78 


25*5 


•8354 


•921895 


44 


6^6 


9*774 


•990072 


79 


26*1 


•7867 


•895809 


45 


7*2 


9-081 


•958134 


80 


26-6 


•7410 


•869818 


46 


7^7 


8-437 


•926188 


81 


27-2 


•6978 


•843731 


47 


8-3 


7-839 


•894261 


82 


27*7 


•6572 


•817698 


48 


8-8 


7-283 


•862310 


83 


28-3 


•6190 


•791691 


49 


9-4 


6-767 


•830396 


84 


28-8 


•5829 


•765594 


50 


lO'O 


6-287 


•798444 


85 


29*4 


•5490 


•739572 


51 


io'5 


5-841 


• 766487 


86 


30-0 


•5I7I 


•713575 


52 


ii'i 


5-427 


•734560 


87 


30^5 


•4870 


•687529 


53 


ii^6 


5-042 


• 702603 


88 


31-1 


•4586 


•661434 


54 


12^2 


4-685 


•670710 


89 


31*6 


-4319 


•635383 


55 


12-7 


4*353 


•638789 


90 


32^2 


•4068 


•609381 


56 


13*3 


4-044 


•6068 I I 


91 


32-7 


•3831 


-583312 


57 


13*8 


3^757 


•574841 


92 


33*3 


•3608 


•557267 


58 


14-4 


3*491 


•542950 


93 


33*8 


•3398 


•531223 


59 


15^0 


3'244 


•511081 


94 


34*4 


•3200 


•505150 


60 


15*5 


3-013 


•478999 


95 


35-0 


•3014 


•479 H3 


61 


i6*i 


2-800 


-447158 


96 


3S*5 


•2839 


•453165 


62 


i6-6 


2-601 


•415 140 


97 


36-1 


•2674 


•427161 


63 


17^2 


2-417 


•383277 


98 


36-6 


•2518 


•401056 


64 


^ri 


2-245 


•351216 


99 


37*2 


•2371 


•374932 


65 


i%'i 


2-086 


•3 193 14 


100 


37^7 


•2233 


•348889 


66 


i8-8 


1-938 


•287354 
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Table for reducing Besistaiice of Outta-percha to 24° Cent, 
or 75° Fahr. From Exptfrinients with Fiench Atlantic Cable core 
(i869).^^^im.) 

Col. 3 gives Logarithm of Ratio of Resistance at Temperatures in Cols. 
I and 2 to Resistance at 24° Cent, &c 

Resistance after current has been kept on for one minute. 



rtia 



LOGARITHMS. 



Temp. 



Cent Fahr. 



21 
2t 

21 
20 

:i 

14 
II 

12 
XI 
10 

\ 

I 

$ 

4 

1 

2 

I 

o 

— 1 

-2 

-1 

-4 

-9 

-6 



•8 



'^Rii 



0*0000 
0*0510 
0*10^ 
0*1504 
0*2090 
0*2618 

0*3149 
o-i682 
0*4217 

0-4755 
0*5295 
o^58j8 
o-6j8j 
0*6930 
0-7479 
0*8131 
0*8585 
0*9142 
0*9701 
1*0262 
1*0826 
1*1396 
1*1960 
1*1530 
1*3103 
r3679 
1*4257 
1*4837 

X5419 
1*6004 

1*6591 






Diff. 

for One 

Dcg. 



NATURAL NUMBERS. 



Tiempk 



Cent 



0*0000 



*8436 
*79io 
•7382 
•685X 
•6318 
*5783 

•4705 
•4162 
•3618 
*3070 
•252X 
*i969 
•1415 
*o85i 
■0290 
*973i 

:i^ 

*8o40 

•7470 
*6897 
•632t 

•5744 
•5103 

•4J8I 
•3996 
•3409 



•0519 
'0521 
•0524 
*0526 
'0528 
'053 1 
•0533 
•0535 
•0538 
•0540 
•0543 
•0545 
•0547 
•0550 
•0552 

•0554 
•0557 
•0559 
•0561 

•0564 
*o566 
•0568 
»057i 

•0573 
•0575 
•0578 
*o58o 
•0582 

•0585 
•0587 



6 



23 
22 
21 

20 

19 

18 

\l 

15 

13 
12 
XI 

10 

I 
I 

4 

3 

2 

X 

O 

-I 

-2 

-3 

-4 

-5 

^6 



Fahr. 



24 



75*2 

73-4 
7I*6 
69*8 
68*0 
66*2 

^■t 

60*8 
59'o 

irt 

S9'4 
53*6 
51*8 
50*0 
48*2 
46*2 
44*6 
42*8 
41*0 
39** 
37*4 
35*6 
33*8 
32*0 
JO* 2 
28*4 
26*6 
24*6 
23*0 
21*2 



8 



I'odo 
1*127 

I •271 

1*433 
1*6X8 
x*827 
2*065 

2-335 
2*641 

2*989 

3*385 

3*835 

4'34B 

4*9n 

5*597 
6*355 
•220 
•207 

9*334 
XO*62 

12*09 

13*78 
15*70 
X7*9I 

20*41 

23'* 33 

26*65 
30*46 
34*83 

39-84 
45*61, 



I 



Diff. 

for 

One 

Deg. 



R24 

Rt 



9 I 10 



0*127 

0-144 
0*162 

0*185 

0*209 

o*2j8 

0*270 
0*306 
0*348 
0*396 
0*450 

0*513 
0*583 
0-666 
0*758 
0*865 
0*9871 
•127 
*286 

■n 

•92 

*2X 
•52 

•90 
*32 
*8i 

•37 
•01 

•77 



X'OOO 

0*8874 
0*1870 
0*6976 
0*6181 
0*5472 
0*4843 
04283 
0*3787 
0*3346 
0*2054 

0*2607 

O*2j0O 
O*2028 
0*1787 

0*1573 
0*1385 
0*I2I8 

o*io7x 
0*0941 
0*0827 
0*0720 
0*0637 
0*0558 
0*0489 
0*0429 
0-0375 
0*0328 
0*0287 

0*025X 

0*02x9 



Diff. 

for One 

Deg. 



u 



0*XX26 

0*1004 
0*0894 

0*0795 

0*0109 
0*0629 
0*0560 
0*0496 
0*0441 
0*0392 

0*0349 

0*0307 
0*0272 

0*024l 

0*0214 
0*0188 
0*0x67 
0*0x44 
0*0x30 
0*0115 

O'OIOI 

0*0080 
0*0076 
0*0069 
o*oo6i 
0*0053 
0*0047 
o*oo4X 
0*0036 
0*0032 



R. 



Fonnula. — ^Log^- = (o"054S98 — o'oooii7s /) (24 — /) 
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Table for r«daeincr Bcnataaca <A Outta-panha to 24° Ceni. 

or 75° Fahr. From Eiperiments with French AtltnticCiUe core 

(1869).— (^.v^n.) 
CoL 3 gives Logarithm of Ratio of Resistance at Temperatures in Cols. 

I and 2 to Be«staDce at 34° Cent., &c. 
Resistance after Current has been kept on for an indefinite period. 



LOGARITHUS. 


RATURAt (CUMBERS. | 


Temp. 


-fe 


u^ 


Diff. 


w 




Diff. 


^ 


DiE 


Cent 


FJir. 


c=„ 


F>hr. 


1 


i 


s 


4 


fi 


. 


7 


B 


a 


10 


u 


s 

1 
i 

3 


1!l 

1! 

60- « 

i 

4I-0 
»■> 

IB 


1 w 

: S 
; £ 
1 16 

; 3 

ii 

i 

I 'Ton 

|:!!S 


'81') 

1 

: il 

!■ )B 

■ ,1 

84 

I.' S6 

: H 


■o5n 

1 

■oaw 
■0841 

:S 


|4 

i 

ij 

» 
El 


1 

66-1 
jo-o 

1 

) 1 

Vi 

3Q-1 


!€ 

II 

£1; 


11 

0-470 

if 
'& 

loaj 


Si; 

o;dU9 
o-a«g6 

D'OtM 

3 


° 


i 

i 

0*51 
0406 

;S 

009) 

3 

oo4» 

0Q»0 

SI 
0014 



This table is calculated from experimctits made on a 
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knot of core such as was used for the French Atlantic 
Cable — 400 lbs. gutta-percha and 400 lbs. copper. 

Three observations were made at temperatures 0*0 C, 
117 C, and 24 C. 



Loss of Charge. 

Table showing the measured Rate of Fall of Tension in a Gutta- 
percha Cable (at a Temperature of wf C.)> when charged for 
many hours, and then insulated. From Experiments with French 
Atlantic Cable core. 



Time. 



Mmutes. 
O 

I 
3 

4 

5 

6 

7 
8 

9 
zo 

II 

12 

n 

14 

15 
16 

17 
18 

19 

TO 



Potential. 



Time. 



100*0 
95-8 
91-9 
88'3 
85*0 
8i*9 
79.0 

76-4 
73 -6 

71-3 
69*2 

67*1 

64-8 

62-8 

6i*2 

59*5 
57-8 
56-4 
54-8 

53*4 
52*0 



Minutes. 
21 
22 

33 

24 

25 
26 

27 
28 

29 

30 
31 
32 
33 
34 
35 
36 
37 
38 

39 

40 

41 



Potential. 



50*8 

49'5 
48-3 
46-9 

45 'o 
45*0 
44-0 
43-2 
42*2 

41-3 

40-5 

39-6 
39 'o 
38*2 

37*4 
36-8 
36*0 

35 '4 
34*7 
34- X 

33*7 



Time. 



Minutes. 
43 
43 
44 

45 
46 

47 
48 

49 
50 
51 
53 
53 
54 

55 
56 

57. 
58 

59 
60 



Fbtential. 


33-0 


3»-5 


3i'9 


31*3 


30- 9 


30-5 


29-9 


29-6 


29- 1 


28'7 


28*3 


27-9 


27-4 


27-1 


26-6 


26*0 


25-9 


25-7 


25-4 



Gutta-percha. 
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V 



y 



/ 






Table of ratio of 



charge 



( = — j and of loss per cent, of charge 



discharge 

by ordinary gutta-percha core, at temperatures between 32° and 
90° Fahr. (After I minute's insulation.) 



Temp. 


C 


Loss 

/o 


Temp. 


C 


Loss 

% 


Temp. 


c 


I^ss 


Temp. 


C 


Loss 

0/ 


Fahr. 


c 


Fahr. 


c 


Fahr. 


c 


% 


Fahr. 


c 


% 


32° 


1*029 


2*8 


47° 


1*076 


7*1 


62° 


1*204 x6*8 


77° 


x*6ox 


37-5 


a 


I'OJI 


3*0 


4« 


1*081 


7*5 


63 


i*2i8, 17*9 


78 


x*65o 


39*4 


H 


I-OJ3 


3*2 


49 


x*o86 


2'® 


^ 


i*2J4 i8*9 


79 


1*704 


41*1 


if 


I-OJ5 


3-4 


50 


1*092 


«-4 


65 


I*25I| 20-I 


80 


1*763 


43-1 


J6 


I '0^8 


^'1 


51 


1*099 


9*0 


66 


1*269 *'•* 


81 


x*828 


45-0 


31 


1*040 


3-8 


5J 


1*105 


9*5 


il 


x*288 22*^ 
1*309' 2J*6 


82 


1-899 


47*0 


J8 


I -041 


41 


.53 


1*112 


10*0 


68 


BJ 


1-959; 49-0 1 


39 


1*047 


4-5 


54 


1*I20 


10*7 


69 


1*332 


24-9 
26*2 


84 


2*o68 


51-4 


40 


1*049 


4*7 


55 


1*128 


11*4 


70 


1*356 


85 


2*165 


53*7 


41 


1*052 


4*9 


56 


1-137 
1-140 


I2*0 


71 


1-38) 


27*7 


86 


2*27J 


55*9 


42 


1*055 


5-2 


57 


12*7 


7» 


1*412 


29-1 


^1 


2*398 


58*1 


4i 


1*059 


5*6 


58 


1*156 


13*5 


73 


1*443 


30*7 


88 


2*533 


5°*1 


44 


i*o6j 


5-9 


59 


1*169 


M*3 


ii 


r^ 


32*^ 

84*0 


89 


2*690 


62*8 


45 


1*067 


6*J 


60 


1*178 


151 


90 


2*87X 


65*1 


46 


1*071 


6*6 


61 


1*191 


16*0 


76 


1*556 35*7 









T/ie resistance of a cube foot of gutta-percha, 
= 12*8 X 10* megohms at 75° F. 

Its electro-static capacity = 11*3 x 10""* microfarads. 

The resistance of a cube knot of gutta-percha, 
= 2100 megohms at 75° F. 

Its electro-static capacity = -0687 microfarads. 

A PLATE of gutta-percha, i square foot surface and i 
mil thick has a 

Resistance = 1066 megohms at 75° F., and its electro- 
static capacity = '1356 microfarads. 

The insulatioii resistance in megohms at 75° F. of 
any ordinary gutta-percha cable or condenser multiplied 
by its electro-static capacity in microfarads = 144*4. 
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Table to find Resistance, after t roinate, and Capadtjt per Knot, 
of any ordinaiy Gntt*-percha core, from tbe relative Weights or 



w 


D 
-3 


.T|?. 


wuic 

in micro- 
farads 


; 


? 


2! 


Electro- 




a 




Bo 
!» 

91 

94 

i 

i 

09 


1 

1 
sl 

iS 
S! 

W 
J9I 


\ 

t 

I 

* 

\ 

■A 

\ 
8 




■A 

•9 

il 
3 

41 

il 

8 


}>0 

j-.i 

II 

1 


3 

i 

s 

a 

4>i 
4JJ 

jil 

418 

S 


■t4»J 



When the ratio between the weights ( W) of percha amd 
of copper (zo) are given, the resistance and capacity of 
the core are the same, whatever be the absolute value 
of these weights. The same is true of the relative - 
diameters D and d. Id nsing the above table we have 

. . ^ ■ -. ■ . weight of percha , 

only to ascertain the quotient — :-; — — — or the 

weight of copper 
diameter of percha , , ... , . . , 

—. ~- — ~ and the table gives by inspection the 

diameter of copper 

resistance at 24° Cent in megohms, and the electro-static 
capacity in micro&rads. 



Gutta-percha. 
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WILLOUGHBY SMITH'S IMPROVED GUTTA- 
PERCHA. 

The specifio gravity of gutta-percha prepared by 
Mr. Willoughby Smith's process is the same as that of 
ordinary gutta-percha. 

The mechanical strength of this material is about 
1 2% greater than that of ordinary gutta-percha. 

The electro-static capacity (F) per knot of a core 

of Smith's G. P. is approximately 

^ o'i5i63 . , 

F = — \^ • • microfarads. 

log^ 

(Log 0-15163 = 0-1807851 - i). 

The electro-static capacity of Smith's G. P. core, as 
compared with Hooper's core of similar size, is as 100 
to 98, about 

The resistance (R) per knot, of Smith's G. P. core at 
75° F. (= 24° Cent) is approximately 

R = 35olog5 . . megohms 

after one minute's electrification. 

The resistance after the ist minute, of Smith's G. P. 
at 32° Fahr. is about the same as that of ordinary G. P. 
After a long application of the battery at this tempera- 
ture the ratio falls to 72 : 100, about 

The resistance after the ist minute, of Smith's G. P. 
at 75° Fahr., compared with that of ordinary G. P., is as 
67 to 100; or about 30% inferior. 



Gutta-percha. 



I2S 



Table of fhe relatiye resistanoe (after i minute) of WiUoughby 
Smith's improyed Gutta-peroha at different temperatures, for 
all cores in which the thickness of G. P. does not exceed o*iio 
inch.— (f^-Sw^/A.) 



Temperature. 


Resist- 
ance. 


Log 
Resistance. 


Temperature. 


Resist- 
ance. 


Log 
Resistance. 


Fahr. 


Cent 


Fahr. 


Cent 


32 


CO 


27-913 


•445807 


67 


19-4 


1*858 


•269046 


33 


0-5 


25-834 


•412192 


68 


20^0 


1-719 


•255276 


34 


1*1 


23-91 


•378580 


69 


20*5 


I-591 


•201670 


35 


1-6 


22-128 


•344942 


70 


2I-I 


1-473 


•168203 


36 


2*a 


20-48 


•311330 


71 


2I»6 


1-363 


•134496 


37 


2'7 


18-954 


•277701 


72 


22-2 


I-261 


-IO0715 


38 


3*3 


17-542 


•244079 


73 


22-7 


1-167 


-067071 


39 


3-8 


16-235 


•210452 


It 


23-3 


1-080 


•033424 


40 


4*4 


15-025 


•176815 


75 


23-8 


I'OOO 


•000000 


41 


5-0 


13-906 


•143202 


76 


24-4 


•9375 


•971971 


42 


5*5 


12-87 


•109579 


77 


25-0 


•8789 


-943940 


43 


6*1 


11-911 


•075948 


78 


25 -5 


•8240 


•915927 


44 


6-6 


II»024 


•042339 


79 


26-1 


•7725 


-887899 


45 


7-2 


10-203 


•008728 


80 


26-6 


•7242 


•859859 


46 


7-7 


9-442 


•975064 


81 


27-2 


•6789 


•831806 


47 


8-3 


8 '739 


-941462 


82 


27-7 


•6365 


•803798 


48 


8*8 


8 -088 


•907841 


83 


28-3 


•5967 


•775756 


49 


9'4 


7-485 


•874192 


84 


28-8 


•5594 


•747723 


50 


io*o 


6-928 


•840608 


85 


29-4 


•5245 


•719746 


51 


IO-5 


6-412 


•806994 


86 


30-0 


•4917 


•691700 


52 


ii*i 


5-934 


•773348 


87 


50-5 


•4609 


•663607 


53 


II-6 


5-492 


•739731 


88 


31-1 


•4321 


•635584 


54 


12*2 


5-083 


•706120 


89 


31-6 


•4051 


•607562 


55 


12*7 


4-704 


-672467 


90 


32-2 


•3798 


•579555 


56 


13*3 


4-354 


•638888 


91 


32-7 


•3561 


•551572 


57 


I3'8 


4-029 


•605197 


92 


33*3 


•3338 


•523486 


58 


14-4 


3-729 


•571592 


93 


33-8 


•3130 


•495544 


59 


15*0 


3-451 


•537945 


94 


34-4 


•2934 


•467460 


60 


15*5 


3^i94 


•504335 


95 


35*0 


•2751 


•439491 


6r 


i6*i 


2-956 


•470704 


96 


35*5 


•2579 


•41 145 1 


62 


i6-6 


2-736 


•437116 


97 


36-1 


•2417 


•383277 


63 


17-2 


2-532 


-403464 


98 


36-6 


•2266 


•355260 


64 


17-7 


2-343 


•369772 


99 


37*2 


•2125 


•327359 


65 


i8-3 


2-169 


-336260 


100 


37-7 


•1992 


•299289 


66 


i8*8 


2-007 


-302547 
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Th« mistanca (R<) at any temperature (/°) of Smith's 
G. P. may be found from its known resistance (R^) at 
34° C, after i minute, by the fonuiU, 

log R, = log R^ + {o-o6447 — o-oooij /) {14 ~t) 

Tabl* tat rttdnoing BaaUtance of WiUouybbf Bmitli'a 
improTed Ghitt»-paroha to 24° Cent 





<ReusUnce »fter Current has been kept on for one 


minute.) 




LOGARITHMS. 


NATURAL NUMBERS. \ 


,„. 


-fe 


-if 


'€" 


T«p. 






R/ 


Dtg. 


Cell 


Fabr. 


C«U.1fJb- 


1 


S 


s 


4 


fi 


e| 7 


S 


» 


10 


u 


n 

1 
I 

! 


1 

li 
li 

11 -o 


1 

rffi 
■li 

1-61.9 

;:!a 




f 

I 

i 

i 

!»6 

1 


3J 

a 

■S* 

-0611 

■otKB 

■<W9f 

:SII 

■0J18 

2 

■OJM 


i 

1 

I 

—I 

3 


I 

6c 

1 

M 

14 


1 

j 
\ 


I™ 
a-o8o 

i 

II 

a"; 

1 


o-rto 

o-ia. 

il 

i 
i 


^^ 


4801 
g 

s 

0166 


J 


%* 
0479 

|3 

MOO 
Jljo 

o=)o 

004) 
JC.19 



Formula = Log ~ = (006447 - 



)i7i) (34-')- 



Wi"""" 
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Table to findBfesistanee, after 1 minute, and Oapaeity per 

Knot of W. Smith's Gutta-percKa core, from the relative Weights 

^. - / Insulator \ 

or Diameters of I -p, — 3 — -- )• 

VCoaauctor/ 

















■ 






Resistance 


Electro- 
static 
capacity 
per knot 






Resistance 


Electro- 
static 
capacity 
per knot 


w 


D 

d 


per knot 

at a4<^ C. 

in 


W 
w 


D 


per knot 

at 24O C. 

in 






nn^ohms. 


m micro- 
farads. 






.megohous. 


in micro- 
farads. 


fOO 


I'te 


164 


•Jtj8 


1-26 


3*io 


179 


*2962 


i-oi 


2*8l 


164 


*|228 


1-27 


3-11 


180 


•2947 


1-02 


2*82 


i6j 


'3211 


1*28 


3*12 


I8X 


'^i9 


I*OJ 


f8S 


*S 


•J207 


1*29 


3*13 


i8x 


•a9» 


1*04 


2«f 


166 


•3188 


1*30 


J-H 


182 


•2924 


fo5 


2-86 


167 


•3»78 


I-3I 


3-15 


182 


•2917 


i'o6 


2-87 


167 


•3171 


1*32 


3*17 


183 




1-07 


2*88 


168 


•3'59 


1*33 


3*18 


183 


'2895 


i-o» 


2*90 


169 


•3140 


II4 


3-19 


184 


•2888 


1*09 


2*91 


170 


•3122 


'*!! 


3'2o 


184 


•t88i 


i»io 


2*91 


17* 


•|1U 


1-36 


3*21 


185 


:S2? 


I'll 


2 '93 


i7i 


•JI04 


1-37 


3*22 


185 


1*12 


2-94 


171 


:^ 


1-38 


313 


186 


•2860 


I'll 


2-95 


172 


1*39 


324 


186 


•2853 


I-I4 


2.96 


172 


•3077 


1-40 


yti 


186 


•2B46 


I-I5 


2*98 


»7j 


•J060 


I -41 


3*26 


187 


•28?9 


i*i6 


2-99 


174 


•3051 


1-42 


rvj 


187 


•2833 


I-I7 


J'OO 


174 


•3041 


I -43 


3*28 


188 


^ 826 


I*i8 
1*19 




I7f 
175 


•30?5 
■3026 


,.44 
1*45 


3*29 

J-30 


188 
189 


•2819 
•2806 


I'lO 


3'oi 


176 


•3018 


1*46 


3-31 


189 


•2800 


1*21 


306 


1.76 


•3010 


J-47 


yi2 


J9Q 


•«79J 


1*22 


177 


•2994 
•2986 


1*48 


rs3 


190 


•2787 


I*2| 


J-07 


178 


1-49 


rn 


191 


•2781 


1-24 


J-«6 


■98 


•3998 


I -50 


^'^ 


191 


:t?a 


1-25 


J*o9 


179 


•2970 


I '.SI 


yj6 


192 



When the latio between the weights (W) of perdia and 
of copper (w) are ^yen^ the resistance and capacity of 
the core are the same, whatever be the absolute value 
of these weights. The same is true of the relative 
diameters D and d. In nsing the above table we have 



only to ascertain the quotient 



diameter of percha 



weight of peycha 
weight of coppej 



or the 



and the table gives by inspection the 



diameter of copper 

resistance at 24° Cent in megohms, and the electro-static 

capacity in microfarads* 
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Table of Coefficients for reducing Silvertown Gutta-percha 

to 75° F. {F. Hawkins. ) 



Temp. 



75 
74 

7* 
7« 

TO 



65 
6j 

62 

6i 

6o 

55 
54 



Coefficient. 



I'CXJO 

i*oi8 
I 054 
1*108 
I'iBo 
1^270 
i»J78 

1*504 
1-648 
I '810 
1-990 
2*188 

2-86o 
3-120 

J-I98 

3*704 
4*028 
4*i6o 
4-720 
5-098 



Log of 
G>efficient. 



0*0000000 

o-oo7:H7« 
0*0228406 

0*0445198 

0*0718820 

0'io|8oi7 

0*1192492 

0*1772478 

0*2160572 

0-2576786 

0*2988511 

0-3400471 

0*1791241 

0-4119606 

0*456)660 

0-4941546 

0-5JI12J4 

0*5686710 

0*6050895 

0*6194865 

0*67)9420 

0*7073998 



Temp. 



51 
5« 

51 
50 

49 
48 

% 

45 

44 

4> 

4a 

41 
40 

i$ 
H 
JJ 
3> 



Coefficient. 



5-494 
5-908 

6*33o 

6*770 
7-2^8 

8*228 

8*740 

9*280 

9*8J8 

10*414 

11*008 

11*610 

I2*2|0 

12-868 

13*524 
14*198 
14*890 
15*600 
16*328 
17-074 
X7*8j8 



Log of 
Coefficient 



0*7598887 
0*7714405 
0-8014017 
0*8)05887 
0*8596186 
0*8878423 
0*9152946 
0-9^15114 
0*9615480 
0*9920068 
1*0170176 
1-0^17084 
1-0648)22 
1*0874265 
1*1095111 
1*1301052 
1*1512272 
1*1728945 
1*19)1246 

I*2I29))0 
1*2)2)35) 
1-2513462 



INDIA-RUBBER. 

The speciflo gravity of Hooper's india-rubber com- 
pound is about 1*176. One cubic foot of india-rubber 
compound weighs 73*44 lbs. 

The weight of Hooper's india-rubber compound per 
knot is I lb. for every 401 circular mils of sectional area. 

The weight of Hooper's india-rubber per knot in any 



cable is about 



401 



lbs. D being the external dia- 



meter of the core and d that of the conductor. 

The weight of Hooper's india-rubber per statute mile 

462-3 ' 
The exterior diameter of any core of Hooper's india- 



La 



p 



^1 



p^f(ai«ip^qnwnvwwi*-w«i*p •■! litai ■ ■■ 1 pii ■•■■■■ 
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rubber is = y/'jo'^ a/ -f- 401 W ; W being the weight in 
lbs. per knot of the compound, and w that of the copper 
strand. 

The resistance per knot of any core of Hooper's 
india-rubber is about 15400 (log D *- log </) megohms 
at 75 Fahr. 

The resistance per knot of any Qf Hooper's core at 
TS'^F. is 

1. With a solid conductor, 

/ W 

15400 log a/ I + 7*3 — megohms. 

2. With a Strang conductor, 

15400 log (\/ I + 57 — j megohms. 

Where W is the weight of the dielectric and w the 
weight of the copper. 

The electro-static capacity per knot of any core of 
Hooper's india-rubber is approximately 



0-1485 



- microfarads. 



Log D — log d 
The electro-static capacity per knot of any cor© of 
Hooper's india-rubber is 
I. With a solid conductor, 

0-1485 



log V I 



microfarads. 



+ 7-3^ 



2. With a strand conductor, 

0-1485 



log (\/ 



W\ 

1 + 57 —) 

wj 



microfarads 



K 
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Resistance (Comparative) of Gutta-percha and Hooper's Insulator, 
at different Temperatures, showing the Decrease of Resistance 
due to the Increase of Temperature. 



Tbmpbraturk. 


Resistances. 




Gutta-percha — ^Persian 
Culf Cable. 


Hooper's core — Ceylon 
Cable. 


Centigrade. 


Fahrenheit 


Observed. 


Calculated. 


Observed. 


Calculated. 


o 


J2'0 


100*00 


100*00 


100 00 


100*00 


2 

t 


J5-6 
J9-2 


64-3 


80*00 
64*00 


90*10 
|-)*6o 


88*71 
78*62 


42*8 


4T6j 


51*20 


72-90 
65 -JO 


68*30 


8 


46-4 


17*15 
28-97 


4 -96 


6i*2o 


lo 


50*0 


J2-77 


5880 


54' 81 


12 


51-6 


2J*l8 


26*22 


52*90 


4856 


M 


57-2 


16*89 


20*97 


49*40 


41-07 


608 


H'il 


16*78 


44- 50 


J8*i8 


18 


644 


11*05 


11-42 


54*60 


3r85 


20 


68-0 


8*^1 
6-82 


10*74 


2Q'IO 
26*4T 


JO* or 


22 


7i'6 


8*59 


26*51 


S 


7J-2 


5-51 


6-87 


24* 50 


2J-59 


78-8 


4*47 


$'5^ 


22* JO 


2^*91 


28 


82-4 


I-5I 


4*40 


i8*6o 


18*55 


JO 


86-0 


i-^ 


J-52 


16*10 


16*44 


it 


89-6 


2*82 


16*00 


14*58 


u 


91-2 
96-8 


1*92 
1*68 


2*26 
1*80 


14*40 
ij*oo 


12.9? 
11*45 


38 


ioo*4 


I -41 


1*44 


io-6o 


10*16 



The calculated values for gutta-percha are from Messrs. 
Bright and Clark's published table ; those for Hooper's 
insulator have been furnished by Mr. Hooper. 



EFFECTS OF TEMPERATURE ON HOOPER'S MATERIAL. 

The rate of variation in its insulation is, according to 
Mr. Warren's experiments, 0*026 for 1° Fahr. A difference 
of 27° above any temperature Fahr. reduces its insulation 
one-half, or the same difference below any temperature 
increases its insulation twofold, or according to table of 
coefficients : 

When from the resistance at a given temperature, the 



^ 
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resistance corresponding to a loiver temperature is re- 
quired, multiply the resistance at the given temperature by 
the number opposite to the degrees of difference. When 
the correction is required for any higher temperature, 
divide by the number opposite to the degrees of difference, 
the result in either case is the resistance required. 

Coefficients for Temperature corrections for Hooper's Material. — 

( Warren. ) 



Diflfs. 

of 

Temp. F. 


Logarithms. 


Nat 
Numbers. 


of 
Temp. F. 


Logarithms. 


Nat. 
Numbers. 


1° 


•01115 


1^026 


26° 


•28990 


1-949 


2 


•02230 


l'053 


27 


• 30105 


2-000 


3 


•03345 


1^080 


28 


•31220 


2*052 


4 


•04460 


I '108 


29 


•32335 


2*105 


5 


•05575 


I-I37 


30 


•33450 


2m6o 


6 


•06690 


i'i67 


31 


•34565 


2*2X6 


7 


•07805 


I-I97 


32 


•35680 


2*274 


8 


•08920 


I'228 


33 


•36795 


2*333 


9 


•10035 


1*260 


34 


•37910 


2^394 


10 


•III50 


1-293 


35 


•39025 


2*456 


II 


•12265 


1*326 


36 


•40140 


2*520 


12 


•13380 


1*361 


37 


•41255 


2*586 


13 


• 14495 


1-396 


38 


•42370 


2-653 


H 


•15610 


I '433 


39 


•43485 


2*722 


15 


•16725 


1-470 


40 


-^i^6oo 


2-796 


16 


• 1 7840 


1-508 


41 


•457'5 


2-865 


17 


•18955 


. 1*547 


42 


•46830 


2-940 


lb 


•20070 


1-587 


43 


•47945 


3-016 


19 


•21185 


1-629 


44 


- 49060 


3-091 


20 


•32300 


1*671 


45 


•50175 


3-175 


21 


•23415 


1-715 


46 


-51290 


3-258 


22 


'24530 


1-759 


47 


-52405 


3-342 


33 


•25645 


1-805 


48 


•53520 


3-429 


24 


•26760 


1-852 


49 


•54635 


3*518 


25 


•27875 


1-900 


50 


-55750 


3*610 



Example, — A leng^th of Hooper's core at 60° Fahr. was found to 
have an insulation resistance of 16124 megohms. Its resistance at< 
75° Fahr. is therefore 

I^ = 10968 megohms. 
1-470 ^^ « 
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Relative Resistance of Hooper's Material at different Temperatures. 

{^Warren.) 



Temp. 
Fahr. 



32^ 

33 

34 

35 

36 

37 

38 

39 
40 

41 
42 

43 
44 
45 
46 

47 
48 

49 

.50 

51 

52 

53 
54 
55 



Resistance. 


Temp. 




Fuhr. 


301*6 


56O 


294-0 


57 


286-5 


58 


279-6 


59 


272*2 


60 


265-3 


61 


258-6 


62 


252-0 


63 


245-6 


64 


239-4 


65 


233'3 


66 


227-4 


67 


221-6 


68 


2i6-o 


69 


210*5 


70 


205-2 


71 


200 -0 


72 


194-9 


73 


190-0 


74 


185-2 


75 


i8o*5 


76 


175-9 


77 


171-5 


78 


167-1 


79 



Resistance. 


Temp. 




Fahr. 


162-9 


80° 


158-7 


81 


154-7 


82 


150-8 


83 


I47-0 


84 


143 '3 


85 


139-6 


86 


136-1 


87 


132-6 


88 


129-3 


89 


126-0 


90 


122-8 


91 


119-7 


92 


116-7 


93 


113-7 


94 


IIO-8 


95 


108-0 


96 


105-3 


97 


102-6 


98 


100-00 


99 


97*46 


100 


95-00 


lOI 


92-59 


134 


90-34 





Resistance. 



87*95 
85-72 

83-55 
81*44 

79*37 
77-36 
75*40 

73*49 
71-62 

69-81 

68-04 

66-u 
64-63 
62-99 
61-40 

59-84 
58-32 

55*41 
54-00 
52-63 
51-30 
50-00 
25-00 



The resistance of a cube foot of Hooper's material, 
= 249 X 10* megohms at 75° F. 

Its electro-static capacity = 8*92 x 10 ~^ microfarads. 

The resistance of a cube knot of Hooper's material, 
= 40950 megohms at 75° F. 

Its electro-static capacity = 0-0543 microfarads. 

A PLATE of Hooper's material, i square foot surface 
and I mil thick, has a 

/Resistance = 20770 ohms at 75° F. 
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. Its electro-static capacity = 0*1073 microfarads. . . 

The insulation resistance (in megohms, at 75° Y.) of 

any perfect cable or condenser of Hooper's material 

multiplied by its electro-static capacity in microfarads = 

2220. 

Table to find Resistance, after i minute, and Capacity per Knot 
of any Hooper's Core from the relative Weights or Diameters of 

(Insulator \ 
Conductor/ * 







Resistance 


Electro- 






Resistance 


Electro- 


w 


D 
d 


per knot 

at 24O C. 

in 


static 
capacity 
per knot 


W 

w 


D 
d 


per knot 

at 24O C. 

in 


static 
capacity 
per knot 






megohms. 


in micro- 
farads. 






megohms. 


in micro- 
farads. 


0*85 


2*42 


6072 


•5669 


1*11 


2*71 


6822 


•3266 


•0-86 


2-4J 


6098 


•i652 


I 12 


2*72 


6845 
6869 


•3254 


0*87 


2-44 


6124 


•J639 


I*I3 


2*73 


•5244 


0-88 


2-45 


6149 


•i624 


I-I4 


274 


6891 


•321? 


0-89 


2-46 


6174 


•i6o9 


i*i5 


2*75 


1^ 


•3221 


0*90 


2-48 


6225 


•i58o 


i-i6 


2-76 


•3^12 


0*91 


2-49 


6259 


•5565 


1-17 


2-77 


6959 


•?202 


0*92 


2-50 


6299 


•?5?7 


i-i8 


2*78 


6981 


•3192 


0-91 


2-51 


6?24 


'lS^i 


119 


2'79 


7004 
7026 


•?l82 


0-94 


2*52 


6J59 


•^501 


I -20 


2'8o 


•?I72 
•3162 


0-95 


2-51 


6?7J 


•M96 


1*21 


2-81 


7047 


0*96 


i-54 
2-56 


6J98 


•5482 


I'22 


2-82 


7070 


•3152 


0-97 


6446 


•3456 


1-23 


4-83 


7092 


•3142 


0*98 


2-57 


6470 


•5444 


I 24 


2-84 


7113 


•?I?2 


0-99 


2'58 


6495 


•34" 


1-25 


2-85 


7i?7 


•?i'23 


i*oo 


2-59 


6518 


•3418 


1-26 


2-86 


7157 


•3I13 


I'OI 


2*6o 


t?^ 


•3406 


1-27 


2-87 


7179 


•3104 


I '02 


2*6l 


•«94 


1-28 


2-88 


7200 


•3095 
•3085 


lOi 


2*62 


6590 


•3?8i 


129 


2-89 


7221 


i'C4 


2'6j 


6614 


•3369 


I- 30 


2*90 


7265 


•3067 


1*05 


2-64 


66?8 


•J 357 


1-31 


2*91 


7281 


•3058 


i'o6 


2-65 


6660 


•3345 


1-32 


2*92 


7?o7 


WO49 


1*07 


2-67 


6708 


•3322 


1-33 


2-91 


7?28 


•3040 


i*o8 


2-68 


67 ji 


•3310 


I'M 


2-94 


7349 


•30?2 


1*09 


2*69 


6755 


•3299 


1-35 


2-95 


7370 


•302? 


I'lO 


2*70 


6800 


•J277 


1-36 


296 


7591 


•3015 



When the ratio between the weights ( W) of rubber and 
of copper {w) are given, the resistance and capacity of 
the core are the same, whatever be the absolute value 
of these weights. The same is true of the relative 
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diameters D and d. In using the above table we have 

1 i. . • i.1. .• -L weight of rubber . 

only to ascertain the quotient — :— -z or the 

weight of copper 

diameter of rubber , , , , . , . . ^, 

-T-, > and the table gives by inspection the 

diameter of copper ^ j r 

resistance at 24° Cent, in megohms, and the electro-static 
capacity in microfarads. 



VULCANITE. 

Vulcanite, when pure, should consist only of india- 
rubber and sulphur. Its specific gravity is about i •31, It 
should present a clean conchoidal surface when broken ; 
a granular fracture is due to admixture of other materials. 
Its surface, when polished, should be free from specks or 
indentations. By friction with a black silk rubber, it 
becomes strongly excited with negative electricity, which 
in a dry atmosphere it should retain for some hours. In 
thin strips it is very elastic, and when heated it may be 
bent and will retain its new shape or form permanently 
when cooled. 

The surface of vulcanite becomes conducting, partly 
by the condensation of moisture, and a slight film of 
sulphurous acid, which is produced by the oxidation of 
sulphur. On this account, all vulcanite supports and 
connections should be repeatedly washed with boiling 
water, and rinsed well in distilled water, and dried. This 
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is the most effectual way of dealing with vulcanite 
apparatus when found leaky, as friction will not remove 
entirely the film of acid. It is, however, better to keep 
its surface varnished with shellac 



HEMP. 

In a cable, as ordinarily applied in serving — 

One cubic foot of (Russian or Italian) hemp weighs 
about 39 lbs. 

One cubic foot of tarred hemp weighs about 56 lbs. 

One cubic foot of Manilla weighs about 41 lbs. 

The number of cubic inches of hemp space divided by 
one of the following constants gives approximately 
the weight of hemp in lbs. 

Italian or Russian ... 44 

Tarred hemp 30 

Manilla 41 

The transverse area of the hemp section in a cable, in 
square inches, multiplied by one of the following con- 
stants, gives approximately the weight of hemp serving, 
per knot, in cwts. 

Italian or Russian .... 14 

Tarred hemp 21 

Manilla . . .... 15 
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The weight of hemp serving in a cable. 
Let Di be the diameter pf the centre line of the iron 
wires, in inches (see Table, page 149) ; 
D the diameter of the dielectric in inches ; 
d the diameter of a single iron wire also in inches ; 

and 
n the number of iron wires. 




Then 

The transverse sectional area of the hemp is 

07854 ( Di' — D' d^\ square inches. 

And the weight, per knot, of serving is approximately 
as follows : 

Hemp ... 12 TDi* - D« - - ^ J cwt 
Tarred hemp . 17 TDi* - D» - - /1?* J cwt. 
Manilla ... 13 {v>^ ^'^^"^ ^') ^^t. . 
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Another way. 
Let the diameter of the centre line of the wires be divided 
into the two parts a and b (in inches) by the 
exterior of the core on one side. 
d = the diameter of the iron wire in inches. 



Then the Bflctf onal area of the hemp is 

y\i,{ab — -d^\ square inches. 

And the weight per knot of serving is approximately 

as follows : 

Hemp 46 I fl# — -</'] cwt 

Tarred hemp . ■. . tiiiab — -d*\ cwt. 
Manilla . . . . . ^o{ab —■:d*\ cwt 

To find the weight of hemp serving between two ring- 
secHons of iron wires. 
Let the diameter of the centre line of the outer ring be 
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divided by one side of the centre line of the inner 
ring of wires in the two parts a and b (in inches). 

n be the number of wires in the inner ring, each of 
d (inches) diameter ; and 

m be the number of iron wires in the outer ring, 
each having a diameter of d^ (inches). 



- Then the area of the hemp section is 

3-14 \ab 5 1 square mches. 

And the weight of hemp per knot is approximately a 

follows : 

, / , . « </i» -J- « rf'N 
Hemp . . . 46 I a * ^ J cwt. 



Tarred hemp . 66 f u ^ — 
Manilla , , , 50 ( a ^ — 



W(/|'-|-«^'> 



Ropes of hemp are laid in both 3 and 4 strands of 
twisted fibres and run to a diameter of 4 inches. 



Iron. 1 39 

Hawsers are laid with either 3 ropes or with 4 strands. 

Cables are only laid with 3 strands of rope. 

Newly tarred ropes are 25% weaker than white ropes. 

This is caused partly by reason of the injury done to the 

fibre by the hot tar, and partly by the tar acting as a 

lubricator between the fibres. 

Tarred hemp and manilla ropes are of about equal 
strength. 

Manilla ropes hold 25 to 30% less than white ropes. 
The absorption of tar in weight is as follows : — 
Bolt rope ... 18 per cent 
Shrouding . 15 to 18 do. 
Cables .... 21 do. 
Spun yam , 25 to 30 do. 



IRON. 

The specific gravity of bar iron is about 779. One 
cubic foot weighs about 480 lbs. One cubic inch weighs 
0*28 lbs. 

The breaking weight of the commonest iron rod is 20 
to 25 tons per square inch section ; the breaking weight 
of drawn wires is very much greater, increasing as the 
wire is finer up to 40 and 50 tons per square inch. 
Hard drawn wires are much stronger than annealed or 
rolled, and the strength varies greatly with quality ; no 
general rule for strength can therefore be given. 

The weights in the table at page 142 are calculated on 
the assumption that i cubic foot of iron weighs 481 lbs. 
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The weight of any iron wire per nautical mile is 

j—z lbs. {d being its diameter in mils). 

d} 
The weight of any iron wire per statute mile is - lbs. 

72 

The diameter of any iron wire weighing w lbs. per 
statute mile = 8*49 \/w . . mils. 

The diameter of any iron wire weighing w lbs. per 

nautical mile = 7*91 \/w . . mils. 

The conductivity of ordinary galvanized iron wire 
averages about |th that of pure copper. 

The resistance per statute mile of a galvanized iron 

wire IS about ^ — ^. — ohms, at 60° Fahr. 

a 

The resistance of No. 8 iron wire is about one ohm 
per hundred yards length. 

The resistance of iron increases about 0*39 per cent, 
for each degree Fahr. 

The weight of iron per nautical mile in any submarine 
cable is approximately ,^ cwt. where d = the dia- 

• 6006 

meter of the wire in mils, and n the number of ^ires. 

The diameter of any submarine cable is as follows : — 
Let D = diameter of cable, d that of the wire covering 
it, n the number of wires ; then 

^ . ( i8o°\ 
D = // X ( I + cosecant j ; 

d X {n X 32) 



or, approximately, D = 



3-H 
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Table of the Sizes and Weights of Iron Wire. 



Siseof 

Wire 

B. W. G. 


Diam. ia 

MiU. 


f«K STATUTB MILS. 


Nautical 

Mile 
Weight in 

Cwts. 


Breaking 
Weight at 

90 Tons 
per sq. in. 


Weight in 
Lbs. 


Weight in 
Cwts. 


Resistance 
in Ohms. 


I sq. in. 

I circ. in. 

oooo 


• • 
lOOO 

454 


17645 
13858 

2854 


157*54 

123*73 

25*48 


0-340 
0-433 

2*10 


181-63 

142*65 

29*38 


4000- 
314*16 
64-40 


ooo 

oo 

o 


435 
380 

340 


2502 
2001 
1600 


32-33 

17-86 
14*28 


2*40 

3'oo 
3*74 


25*75 
20-59 

16-47 


56*40 
45*36 
36-31 


I 

3 


300 
284 

259 


1245 

III7 

928 


IIT3 

9*97 
8*28 


4'8i 

6-46 


12-82 

11*49 
9*55 


28-27 

25-33 

20-07 


4 

1 


238 
220 
203 


783 
670 

570 


6-99 
5-98 
5-09 


7*65 
8-96 

10-52 


8-o6 
6-90 
5-86 


17-79 
15*20 
12*94 


7 
8 

9 


180 
165 
148 


448 
376 
303 


4-00 

3-35 
3-71 


13-38 

16-39 
19-79 


4*6i 
3*86 
3-12 


10-17 

8-55 
6-88 


lO 

II 

12 


134 
120 

109 


249 
199 
164 


2-22 
1*78 
1*46 


24-14 

30-10 

36-49 


2-55 
2-05 

1*68 


5*64 
4*52 
3-7J 


13 
14 
15 


95 
83 

72 


124 

95 

72 


I'll 
0-85 
0-64 


48-01 
62-93 

83-65 


1*28 

0-98 
0-73 


2-83 
3-i6 
I -.62 


i6 

I? 
i8 


65 
58 
49 


58 
46-38 

33-17 


0-52 

• • 

• • 


102-6 

• • 

• • 

• • 


0-59 

• • 

• • 


1*32 

• • 

• • 


19 

20 
21 

22 


42 
35 
32 
38 


24-35 

i7'93 
I4'ii 

10*76 


• • 

• • 

• • 


• • 

• • 

• • 

• • 


• • 

• • 

• • 
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Stranded Wires, 

When 3 or 4 wires are twisted together to form a 
strand, as in the outer wires of very heavy shore end 
cables, and in the cores of multiple cables, it is some- 
times necessary to know the space they occupy. 

When 3 wires are used, the diameter of each being i, 
the diameter of the circumscribing circle is 2 '155. 

When 4 wires are laid together the diameter of the 
circumscribing circle is 2*41 4« 

When 7 wires are used it is 3. 



Iron Wire (CuUey). 
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The breaking strains of iron wire were supplied by 
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Messrs. Johnson and Nephew, of Manchester : the soft 
wire is that manufactured expressly for telegraphic 
purposes. 

Specification for Iron Wire. Wire supplied to the 

Electric Telegraph Company. 

The wire to be highly annealed, and very soft and 
pliable ; it is not required to possess great tensile strength, 
but must be capable of elongating 18 per cent without 
breaking after being galvanized. 

To be supplied in not less than — lbs. pieces, and to 
be warranted not to contain any weld, join, or splice 
whatsoever, and to be free from all imperfections, flaws, 
sand splits, and other defects. 

The whole of the wire to be passed under and over 
three or more studs or pulleys placed in two lines — the 
wire passing over the pulleys in the upper line and under 
the others. 

The whole of the wire to be stretched 2 per cent by 
machinery in the presence of the company's engineer or 
his representative, and to be tested, examined, and 
approved by him before leaving the works. The wire 
after being stretched to be coiled carefully, so as to con- 
tain no bends, but to resemble newly drawn wire in its 
straightness. 

If, during the process of testing the wire between the 
studs or pulleys, or during the process of stretching it, 
more than 5 per cent of the bundles break, crack, or 
show any defect, the whole of the broken bundles to be 
rejected. If less than 5 per cent prove defective, the 

L 
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wire will be accepted. The makers are not to attempt to 
weld, join, or otherwise splice any wire that may break 
or prove defective, but deliver it as it comes from the 
testing. 

Binding. — No. 16 charcoal wire best When No. 4 
wire is used for line, two servings required, and Culley 
remarks that it is necessary that the turns of the binding 
round the main wire should be all in one direction. 

CLARK'S COMPOUND. 

I cubic inch of asphalte covering weighs (approx.) 
0*07 lb. 

Clark's compound for the outer casing of the iron 

sheathing of cables is composed of about 

6s parts of mineral pitch] 
30 of silica > by weight. 

5 oftar j 

This is laid on with coarse hemp ; the proportion of 

hemp to bituminous compound being as i to 2 in bulk, 

nearly. 

The specific gravity of solid pitch is 1*65 ; one cubic 
foot weighing about 103 lbs. 

The specific gravity of silica is 17; one cubic foot 
weighing about 106 lbs. 

The specific gravity of tar is 1*02; one cubic foot 
weighing about 63^ lbs. 

The specific gravity of Clark's compound varies ac- 
cording to the proportions ; one cubic foot of it 
weighing about 100 lbs. 

The transverse area of asphalted section in a cable, in 
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inches, multiplied by 36, gives (approx.) the weight in 
cwts. of the asphalte covering per knot length. 

To find the weight of hemp and asphalte easing {Ciark's 
compound). 



Let D* be the exterior diameter, in inches ; 

D, the diameter of the centre line of the iron wires 

in inches Csee Table, page 149) ; 
d the diameter of the iron wire in inches ; and 
n the number of iron wires. ^ 
Then 
The transverse sectional area of the asphalte casing is 

0785 f D,' — D,' i/' J square inches. 

And the weight, per knot, of casing is approximately 

a8YDi*-Di* - --/'^cwt. 

Another way. 
Let a and b (in inches) be the two parts into which the 



r 
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exterior diameter of the cable is divided by the 
centre line of the iron wires on one side ; and 
d the diameter, in inches, of a single iron wire. 

Then the transverse sectional area of the casing is 
3*14 f tf ^ — J ^* J square inches. 
And the weight, per knot, of casing is approximately 



112 I a^ — - ^' icwt 



Chatterton's Compoimd. 

The compound, by means of which the alternate 
coatings of gutta-percha upon a cable conductor are 
cemented together, is composed of the following in- 
gredients :— 

Stockhohn tar ... i part ] ( 

Resin i „ 

Gutta-percha . . . 3 parts 

This compound is used also for filling up the inter- 
stices of strand conductors. 

Its specific gravity is about the same as that of ordi- 
nary gutta-percha; its insulating capacity, however, is 
much less. 



by weight. 
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ISO Subf9ursion, 

SUBMERSION OF CABLES. 
Approximate velocity of sinking. 

*v = 2*51 \/ dl I j . . . . feet per second. 

z^ = the velocity with which a cable descends towards the 

bottom, at ordinary angles. 
</ = the diameter of the cable, in inches. 
J = the specific gravity of sea water a 1-028. 
j' = the specific gravity of the cable. 

Example, — Atlantic cable. Diam. = I '128"; specific gravity 
= I '6. Rate of sinking therefore 

V = 2'5i a/ 1*128 ( -; — -zr — I ) = I'pS fcct per second. 

Angle of descent (a°) with the horizon. 

^ ' o 

^ = sm a 

V = the velocity, in feet per second, with which the 

cable sinks. 

V = the velocity, in feet per second, of the ship. 
a*^ --= the angle sought 

Example, — A cable falls freely in sea water at the rate of 178 feet 

per second. Vessel sails 10*4 feet per second (average). Therefore 

1*78 

—7- = 0*17115 = sin 9° 50' (the angle of descent). 

Tension on cable when paying out stopped. 

/ = '0536 .... (cwt). 

I — cos )3 ^ 

/' = tension on cable hanging over stem. 

h = depth in fathoms. 

w = weight of a foot of cable in water in lbs. 



Slack. 1 5 1 

p = angle of cable (hanging in water, with the horizon). 

Example. — Atlantic (i866), h s 2000 fkthoms; w = '242 lbs.; 
fi = 45^, and another time 90^. 

^ , ^ 2000 X '242 

1) /' = -0536 X ^ _ ,^^^ = 367 cwt 

, , 2000 X '242 

2) /' = -0536 X ~ = 259 cwt. 

Tension of cable when payed out at different 
angles. {Airy,) 

Angle made by the cable Tension of the cable at the 

at the ship with the ship, expressed in terms 

horizontal line. of the minimum tension. 

5O 262'8 

10 65-8 

15 294 

20 i6*6 

35 10*7 : 

30 7*47 

35 5*5J 

40 ■ 4*27 

45 . . 3-47 

50 2 'Bo 

55 • • ^'35 

60 2" 00 

The unit is the weight in water of a piece of cable 
whose length is equal to the depth of the isea. 

To ascertain roughly daring submersion the 

amount of Slack. 

/6000 \ 

Slack = [ — 100 J per cent. 

/ = time in minutes of one knot going out 
s = speed of ship in knots per hour by log line. 

Example, — ^In paying out the Atlantic, a knot passed out in 
io'2 minutes, whilst the speed of the ship was 5*4 knots. Slack 
therefore 

( 7 100 I = (109 - 100) = d per cent. 

\ 11*2 X 6*4 / ^. '^ 
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Speed of Ship. 
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Strain during Submersion * (/). (Longridgt) 



t = 0*0536. h 



fv V) 

\W -^ k7f\—j — COS a j 



Sin a 



. in cwts. 



>i = the depth in fathoms. 

w = the weight, in water^ of one foot of cable in lbs. 

V = the velocity, in feet per second, with which the 
cable leaves the ship. 

1/ = the velocity of the ship, in feet, per second. 

a = the angle which the cable makes with the surface. 

k = the so-called coefficient of friction, that is, the 
resistance, in lbs., which the water opposes to the 
motion of each foot of cable drawn lengthways, 
at a speed of one foot a second. For the (1866) 
Atlantic cable, which was covered with hemp, 
k = o'oo85.t 

Example, — The (1866) Atlantic deep-sea cable. Depth 2000 
£ithoms. Weight of one foot in water = '2576 lbs. Velocity of 
cable running out =12 feet per second. Velocity of ship = 10*4 
feet per second, k = 0*0085 lbs. And the angle under which the 
cable entered the water = 9^ 30', 



t = 0*0536 X 2000 . 



•2576 — '0085 X 10 
io'8 cwt. 



r4« (iSj - '9863) ' L 
•16504 j 



* See also Tables, pp. 248, 250. 

+ For hemp covered cables k = 0*007 ^ 

iron covered „ k ^ O'ooi d 

approximately. 

d being the diameter in inches. 
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Tanks. 



Approximate Capacity of Cable Tanks. 

Let C s circumference of tank in feet ; 

c » circumference of eye in feet ; 

n ss number of turns between eye and circum- 
ference, 
then 

•^ — ^^ = feet of cable in each flake. 

2 

i^ number of rings X (circumference of tank + circum- 
ference of eye) = length in each flake. 

In a tank with straight $ides and circular ends, the 







) 




length in each flake is = «( 2 /-f- 



D + ^ 



2 



')' 



n being the niunber of rings in each flake. 
For circular tanks the length in each flake is 



= nrr 




, depth of tank 

Number of flakes in tank = diameter of cable ^ ^•°^- 



Cable Tanks. 
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In coiling from outside to inside, the bight has at the 

end of each flake to be brought back, thus reducing the 

room. This reduction may be found by laying the cable 

loosely across the bight, and let a equal the distance from 

the cross to the spot where cable touches the remainder, 

d 

then the reduction = -; — . 

circ. of eye 

The total length of cable in any tank is, there- 
fore, 



L = iN(C + ^)x 



"Where L = total length. 

N - number of rings in a flake. 
C = circumference of tank. 
c = circumference of eye. 
H = depth of tank. 
d* = diameter of cable. 
I 'oo = coefficient for circular tanks. 
1*15 = coefficient for oval tanks. 
a = crossing of cable, {ffockin,) 

To find the capacity of a Circular Tank. 



I 




— n ^ 



Let r = radius of the eye. 
R = radius of the tank. 
d = diameter of the cable. 
n = number of coils in one flake. 
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Then 



n = —J-. (i.) 



The length of the first coil is 

and the length of the niih coil is 

d 



2 IT 



{r-^--[-{n--i)d] 



Therefore, summing this arithmetic series, of which the 
first and last terms are given 

Si = Izv (2r'\-nd)\- 
hy substituting for n its value (i.) 
length of one flake = ^(R" - r') (2.) 

Let h be the height of tank or coil, then 
Total length of cable = '^ (R« - r»). (3.) 



Distances. 
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Greatest Distances of visible Objects at Sea. 



Let ^ = the height in feet of the object 


above the 


K = the height in feet of the observer 


water. 


d = the distance of the object j ^^^^ ^^ ^^^^ 
d* - the distance of the observer ) 


where the line joining both touches tan- 


gentially the water's surface (horizon). 


D - d? 4- </' = the distance of the observer from the 


object 


d = 1-31 ^/h 


d* = 1-31 y/h* * ^^ statute miles. 


D = i-3i(v<^+ v/^O' 


d = 1*23 \/A 


d* = 1*23 \/>F ' in nautical miles. 


D = V2s{x/A + ^A') 


The Admiralty standard height, ^', of the observer is 


= 10 feet 





Example. — The lantern of the Eddystone lighthouse is y2/(xt{= h) 
ahove the sea-level. An observer on the deck of a ship, 16 feet (^ h') 
above the water would just see the light at a distance 

D = 1-23 (VA + /h,) = 1-23 (V72 + Vi6j = 15-3 knots from 
the lighthouse. 

The distance in knots of a visible object at the sea- 
level is approximately equal to the square root of the 
height of the obser\'er, in feet. 
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Distances. 



DiSTAMCS OF THE VISIBLE HOEIZON. 

The distances are in knots, the heights in feet. 
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2700 


5yt$ 


21 


4-87 


80 


7*52 


280 


l6*8i 


2800 


56-77 


22 


4*99 


81 


7'J9 


300 


18*42 


2900 


57-»7 


23 


fio 


62 


7.67 


350 


19*90 


3000 


58-25 


24 


5-21 


53 


7-74 


400 


21*27 


3250 


6062 


28 


yn 


64 


7-81 


450 


22*66 


3600 


62*91 


28 


5-4a 


68 


7-89 


500 


21*78 


3780 


65-12 


27 


ysi 


68 


7-96 


650 


24.94 


4000 


67-26 


28 


5*62 


57 


8'oj 


800 


26*05 


4500 


71*34 


29 


5-7« 


68 


8*10 


700 


28*14 


6000 


75-20 
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Distance from Shore. — Measurement by Sound. — It 

sometimes happens that the distance of the ship from 

shore is required to be known, and a measurement by 

sound may be resorted to. For this purpose a gun is 

fired, and the interval between the flash and the sound 

noted. 

Let D = distance in knots ; 

T = temperature of air in deg. Centigrade ; 

S = interval in seconds, 
then 

D = 0*179 S\/i + 0-00374 T* 

Example, — A ship fired a cannon, and the sound was heard 6| 
seconds after the flash was seen. The temperature of the air was 
1$^ C. Required the distance (D) of the ship. 

D = 0-179 X 64^/ I + 0-00374 X 15 = 1-2 knots. 

Descriptions of Sound. 



Powerful human voice 

Drum . 

Horn . 

Musket . 

Cannon. 



Audible at a 
distance of 

. 200 yards 
2 knots 

• 3 

• 3 

10 to 90 ,, 



»» 



>> 



Velocity of Sound. 

Velocity of sound in air = i, 142 ft. per second. 



Ditto 


>» 


water = 4,900 ,, 


Ditto 


>» 


iron = 17,500 ,, 


Ditto 


>» 


capper = 10,378 „ 


Ditto 


)» 


wood = 12,000 „ 
to 16,000 „ 



i6o Distance. 

To find the distance from ship to shore by the 
sextant. — Let an assistant on shore set up two staves 
so as to fonn a base line at right angles to the position 
of the vessel, and signal their distance apart ; the observer 
on board ship measures the angle subtended in degrees 
and minutes, and multiplies the distance by the constant 
in the subjoined table. 

Example, — The distance between two staves on shore is 420 3rards, 
and the angle measured from the ship is 26^ 30', the distance of the 
nearer staff is 2*01 X 420 = 844 yards. 



Distances, 
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To find the distance from ship to shore by the sextant. 





Degs. 


DISTANCES. 




















0' 


10' 


20' 


80 


40' 


50' 




5 


11*43 


ii'o6 


10*71 


10-39 


io*o8 


9*79 




6 


9-51 


9*26 


9*01 


8-78 


8-56 


8-34 




7 


8-14 


7*95 


7*77 


7'6o 


7*43 


7*27 




8 


7*13 


6-97 


6-83 


669 


6-56 


6-43 




9 


6-31 


6*20 


6-o8 


5-98 


5-87 


5*77 




lO 


5-67 


5-58 


5-48 


5*40 


5-31 


5*23 




II 


5*14 


5-07 


4*99 


4-93 


4-84 


4*77 




13 


4-70 


4*64 


4*57 


4-51 


4-45 


4*39 




13 


4*33 


4*27 


4-22 


4-17 


4*11 


4*o6 


• 


14 


4*oi 


3-96 


3-91 


3-87 


3'82 


3-78 




'5 


3*73 


369 


3-65 


3*6i 


3-57 


3*53 




i6 


3-49 


3*45 


3*41 


3-38 


3*34 


3*31 




^7 


3*27 


3-24 


3 '20 


3*17 


3-14 


3-II 




i8 


3-08 


3 '05 


3 '03 


3-99 


2*96 


2-93 




19 


3-90, 


3-88 


3*85 


3'83 


3'8o 


2-77 




20 


2*75 


3*72 


3*70 


3-67 


3*65 


2-63 




31 


3'6l 


3*58 


3-56 


2-54 


3*53 


3-50 




33 


3*48 


3-45 


2-43 


3*41 


2-39 


3*38 




33 


3*36 


3*34 


3-33 


3*30 


3-28 


3-36 




34 


3-35 


3*23 


3'3I 


3*19 


2'l8 


3-i6 




25 


3-14 


3-13 


3*11 


3'IO 


2'08 


3*07 




36 


3*05 


3*04 


3 '03 


3*01 


1-99 


1*98 




27 


1*96 


1*95 


1-93 


1*93 


1*91 


1-89 




38 


1-88 


1-87 


i'85 


1-84 


i'83 


1-83 




29 


1.80 


1-79 


1*78 


1-77 


1-76 


1*74 


1 


30 


1*73 


1-73 


1-71 


1*70 


I '69 


1-68 




31 


1-66 


1-65 


1*64 


1-63 


I'63 


i*6i 


• 


32 


i*6o 


1-59 


1-58 


1-57 


1*56 


1-55 




33 


1-54 


1*53 


1-53 


1-51 


1*50 


1-49 




34 


1*48 


1-47 


I '46 


I '46 


1*45 


1*44 




35 


1*43 


1*43 


I -41 


I '40 


1-39 


1*38 




36 


1*38 


1-37 


1*36 


1-35 


1*34 


1-34 




37 


1*33 


1-32 


1-31 


1*30 


1*30 


1*29 




38 


1*28 


1-27 


1*26 


1-36 


1-25 


1-24 




39 


1-33 


1-23 


1*23 


1*31 


1*21 


I '20 




40 


1*19 


i-i8 


I*l8 


I-I7 


i'i6 


I*i6 
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SOUNDINGS. 
To rednce Soundings to Low Water. 

Letters denote— 
T = Interval in hours between low and high water. 
/ = Interval in hours from low water to the time when 
the sounding is taken. 
H = Vertical rise of tide, in feet, from low to high water. 
h « Height, in feet, to be subtracted from the sounding 
taken at the time, /, 

- cos TiSo - j when / < i T ^ 
4- cos r i8o ^ when / > i T. 

Example, — High water at loh. 15m. p.m. 
Low water at 3h. 45m. „ 

Interval (T) = 6h. 30m. „ = 6*5 honrs. 
The sounding taken at 5h. 30m. „ was 16 feet 6 inches. 

Interval (/) = ih. 45m. = 175 hours. 
Vertical rise H = 975 feet, 
Required the reduction and true sounding at low water. 

cos 48** 30' = 0*66262. 

7i ^ -^-^ (I - 0*66262) = 1*6447 feet. 

Sounding taken at 5h. 30m. was 16*5 ,, 

(subtract) h = 1*6447 „ 

True sounding at low water 14*8553 y* 



Soundings. 
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Steering Across Currents. 



Sounding Lines. 



Link. 


Number 

of 
Threads. 


Weight 

per xoo 

Fathoms. 


Circum- 
ference. 


Breakbg 
Strain. 


Dry. 


Wet.* 


Deep sea (Portsmouth) .... 

Deep sea, hawser laid (Devonpoit) 

Medium (Portsmouth) .... 

Ordinary deep sea, cable laid) 
(Devonport Dockyard) . . y 

Cod (Portsmouth) 

Cod (Devonport) 

Ordinary cod (Devonport) . . • 


37 
97 

z8 
x8 

9 

9 
6 


lbs. oz. 
x8 9 

94 6 

xa 8 

33 H 

6 4 

7 
6 3 


Inches. 

X'O 

z-o66 
o*8 

x'o65 

0-5S 

0-565 

0-540 


lbs. 
Xi76o 

1,176 
x,4oa 

815 
740 
494 
354 


lbs. 

1.559 

95a 

X,9XZ 
630 

777 

469 
95a 



* After soaking 24 hours. 



Steering Across Currents. 

If it be required to lay a cable from two given 
points, A and c, between which a current runs (in the 




direction shown by the arrows) with a known velocity, the 
direction in which the ship must be steered in order to 
pay out the cable with the least possible loss is found by 
constructing the parallelogram of forces, a b d e. Let 



Steering. 
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the A E line, in the direction of the current, represent 
its velocity in knots per hour ; let a c be the cable in 
knots ; and a b, measured off from the point a, be the 
rate at which it is determined to pay it out per hour. 
We then construct the parallelogram, a b d e, in which 
A D gives the direction and required rate of the ship. 
A convenient diagram card is in use by the naval 




-B 



officers for this purpose. Around the centre of a com- 
pass card are described six or more concentric and 
equidistant circles, each representing a knot of distance. 
When it is required to find the rate and direction of 
a ship across a current, it is done by making the centre 
the starting-point, and laying off from it the direction 
and velocity of the current, and the resultant direction, 
and velocity of the ship, with which a parallelogram is 



i66 Sea Water, 

constructed, the new side, starting from the centre, giving 
at once the direction and rate. 

Example, — A current is setting towards the S.W^ at the rate of 
3 knots an hour, whilst it is required to make good an E.S.E. 
course, at the rate of 4 knots an hour. 

Where the S.W. line intersects the 3-knot circle, we 
mark off the point D; and where the E.S.E. line inter- 
sects the 4-knot circle, the point C. Between these two 
points we draw the straight line, C D, and parallel to 
this, and to the line joining D with the centre A, we 
draw the remaining lines A B and C F, which complete 
the parallelogram. 

The course in which the ship is to steer is given by 
the line A B, in this case E J N ; arid the rate at which 
she must go through the water by the distance of F from 
the centre, in this case 5§ knots« 



SEA WATER. 

The specific gravity of sea water is ordinarily 1-028. 
. One cubic foot weighs 64*24 lbs. 

One cubic foot of distilled water weighs 62*5 lbs. 

The pressure of the ocean is equal to 2*676 lbs. per 
square inch per fathom, or one ton one cwt. per statute 
mile of depth. Hence, in the Atlantic, where the depth 
is about two miles, the pressure will be two tons two cwt 
for each square inch of surface. 

The temperature of the ocean below a depth of 1 200 
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fathoms is believed to bo about 4° Centigrade, that is to 
say; the temperature of water of maximum density. 

; Force of the Waves. — From experiments made by 
Mr. A. Stevenson, at the Skerryvore Lighthouse, on the 
west coast of Scotland, exposed to the whole fury of 
the Atlantic, it appears that the average pressure of thq 
waves during the summer is equal to 6ii lbs. weight on 
a square foot of surface, while in winter it was 2086 lbs., 
or three times as much ; during the storm on the 9th of 
March, 1845, i^ amounted to 6013 lbs. 

• The effect of a gale descends to a comparatively small 
distance below the surface. The sea is probably tranquil 
at the depth of 200 or 300 yards. 

Memoranda connected wit« Water, 

I cubic foot of water =» 62*5 lbs. v ioqo oz. at 60° F« 
I cubic inch , . ^ '036 lbs. 
I gallon . » • . = lb lbs. 

or ... * s= o*i6 cube feet 
I cube foot of water ■» 6*2355 gallons, 

or, approximately = 6 J ,, 

I cwt. of water. . =1*8 cube ft. = ii'2 gals. 
I ton of water . » m 35*9 cube ft. m 224 „ 

Absorption of Water by Insulators. 

In Frtsh Water. Iii Salt Water. 

Raw india-rubber . , ,25 percent, 3 percent. 
Unvulcanized block india-) 

rubber ^ " , ^ " 

India-rubber and mica ,19 „ 3*9 „ 

Vulcanized india-rubber . I o* 1 4 „ 2*9 „ 

• Gutita-percha * > • . . I'S » I'o » 
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Length of Cable. 



Determination of the Height and Velocity of the Waves off the 
Cape of Good Hope, 1S47. By Commander Dayman, R.N. 



Date. 


No. of 
Obser- 
vation. 


Speed 
of Ship. 


1 

Heiffht Length 
Ware. Wave. 


Speed of 

Sea per 

Hour. 


- 


1847 
Ap. 21 

» 23 
>> 24 

n 26 

May 2 
M 3 

Mean 


8 
6 

9 

6 
7 


Knot. 

6*0 
6*0 

5'o 
6*o 

7*8 


Feet. 
22 
20 
20 

22 
17 


Fath. 

55 

43 
50 

37 
33 
57 
35 


Knot. 
27*0 
24*5 
24*0 
22*1 
22*1 
26*2 
22*0 


Before the wind, 
with a heavy 
following sea. 

) Sea irregular and 
/ on port quarter. 


• • 


• • 


20 


44 


24*0 



To find the length of cable required to join two 
given points.— The rough way is to draw a straight line 
between the two places upon the chart, and measure off 
its length with that of a degree ( = 60 knots) taken from 
the margin at about the latitude of the middle. In high 
latitudes when the distances are great, however, this 
method will give very fallacious results, and we must 
have recourse to spherical trigonometry. 

Let the lower latitude be /, and longitude L, the higher 
latitude be /, and its longitude I/. The shortest distance, 
<f, in degrees of the great circle between these two places 
is found by the equation 



in whicli 



sm /'. cos n 

cos a = » 

cos m 

tan m = cot /' cos (L — L'), 
n = 90° ± I -^ m. 



In the value of n^ the latitude / is -|- when the places 
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are on opposite sides of the equator, and — when both 
are on the same side of it. 

Example, — Required the shortest distance between the Lizard in 
latitude 49° 57' N,, longitude 5° 14' ^., and the west end of the 
island of Madeira in latitude 32° 30' N., longitude 17° 26' W, 

According to the above (L — L') = 17° 26' — 5° 14' = 12° 12' 
tan m = cot 49° 57' x cos 12° 12' 

= 0'S4o6 X o*9775 = 0-817 = tan 39° 14' 

« = 90° - 32° 30' - 39° 24' = 18° 6' 
and 

cos ^ = sin 49"" 57' X cos 18° 6* _ 07655 X o'95o5 _, 
cos 39° 24' 07727 

0*9412 = cos 19° 45' 
The shortest distance is therefore 

19° X 60 H- 45 = 1185 knots. 

In specifying deep-sea cables it is safe to provide 
20 to 25 per cent, more than the direct distance; and for 
shallow-sea cables 5 to 7^ per cent. 

To find the course of the Ship. — Adopting the 
designations given above, the course from the lower 
latitude to the higher is obtained by 

. _ sin (L - L^) ,, 

Sm C = ^-: -z ' COS / 

sm a 
and that from the higher latitude to the lower, by 

. ^, sin L — L' , 

sm C = : ; cos /. 

sm a 

Example, — Let us take again our supposed line. We have the 

course from Madeira given by 

. ^ sin 12° 12' o I . o I 

sm C = -; -5 — ; cos 49° 57' = sm 23° 44' 

sm 19° 45 ■▼' •" ^ -^ 

The ship would therefore start from Madeira North (23^ 44') East 

From Lizard the course is given by 

. ^, sin 12° 12 o , . f. ^ , 

sm C =-: — cos 32® 30' s sm 31° 50', 

sm 19^ 45 w J » 



I/O Log-line. > 

the ship most therefore approach the English station in a course 
South (31° 30') West. 

The course of a ship is usually given in points of the 
compass east and west of true north and south. A point 
is equal to 11" 15' of arc. 

To find the difference of time between two 
places. — Each 15® difference of longitude represents one 
hour difference of time. 

Therefore divide the difference of the longitudes of 
two given places by 15, and the quotient gives the dif- 
ference in time. 

The longitude of Greenwich is o* o', and that of New York 74** 
7' W. The difference in time between them is therefore 

■5^' = 4h.56Jmin. 
15 



THE LOG-LINE AND HALF-MINUTE GLASS. 

The principle of the log-line is this : The length of 
each knot upon the line bears the same proportion to the 
length of a sea-mile as half a minute does to an hour. 
Therefore the length of each knot of the line is, or should 
be, the -^^jg part of a sea-mile. The length of a sea-mile 
is generally taken at 6120 feet, so that the length of a 
knot on the line is 5 1 feet. In submarine telegraph work, 
however, a sea-mile is assumed to be 6087 feet only (or 
2029 yards), and as the telegraph cable is measured in 
this unit of length, the speed of the ship should be mea- 
sured to it also, or an error will arise in the amount of 



Log-line. 
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slack paid out. The length of a knot of the log-line of a 

cable-ship must therefore be = S0723 feet for the 

120 

half-minute glass. 

A correction for the glass is sometimes necessary, the 
length of the knot on the line being increased or de- 
creased in the same ratio as the glass takes a longer or 
shorter time than 30 seconds to run out Thus, if the 
glass run out in 28 seconds, the knot lengths would be 

28 
only 50723 X — = 47 '34 feet 
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Weights of Cabks. 



Table for reducing weights of cables, per foot, to weight, per knot^ 
of 2029 yards = 6087 feet— (/iv<^.) 



Weight of 

I foot 
Spccinien. 



BQUIVALBNT OP 
KNOT. 



Poundi. 

I 

a 
J 
4 
5 
6 



\ 

9 
10 




Cwt. 



54-J4« 
108696 
161 '(HS 

"7*i9I 

171-7 



'089 



J26 

j8o'4J7 
414-786 

4891H 
541 •48* 



Ounces. 




I 


j8o 


a 


760 


J 


1141 


4 


1522 


i 


1902 


2282 


I 


2661 


JCH) 


9 
10 


J804 




4I84 




4565 




494$ 




5126 




5706 


16 


6087 



3*307 

6-794 

lO'XQO 

ij-587 
16*984 
lo-jSi 

23-777 
27-174 

30-571 

31-9W 

27-364 
40-761 
44 X58 
47-555 
5«-95i 

54-34« 



Weight of 

zfoot 
Specimen. 



Grains. 

X 

a 

3 

4 
5 
6 

7 
8 

9 
xo 

20 
30 
40 
50 
60 

70 
80 

90 

ICO 
200 

300 
400 



BQUIVALSfHT OP 
KNOT. 



Lbs. 



0-8696 

1-7^1 

2-6087 

3-4781 

4-3479 
5-2174 

6 -0870 

6-9566 

7-8261 

8-6957 

17-3914 
26-0871 

34-7828 

41-4786 

52-1741 

60' 8700 

69-5657 
78-26x4 

86-957* 

X71-9142 

260-87x3 
3478284 



Cwt 



•0078 

•0x55 

•0231 
•OJXO 

•oi88 
-0466 
•0541 
•062X 
•0699 
•0767 

•1551 
*2J29 
•3x06 
•2882 
•4650 

•5415 
•62XX 

•6988 

•7665 

1-5528 

2-3292 

3-1055 



To find the weight, per knot, of a given cable by the 
above Table : — Weigh a length of one foot of the cable 
and add together the equivalents for lbs,, oz,y and grains. 

Example, — A foot length of cable weighed 2 lbs., 5 oz., and 74 
grains. Its weight, per knot, is therefore obtained as follows : 

2 lbs. . . 108* 60 cwt 
5 oz. . . 16-984 „ 
70grs. . . . -544 „ 
4 »» • • • '031 If 



Total = 126*255 cwt, per knot 
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Extra material required by twisting helically. 

L = length of finished cable or strand in yards. 
/ = length of one wire required to lap it helically in 
yards. 
D = outside diameter in inches. 
8 = diameter of helical wire in inches. 
h = lay in inches. 



OVERLAND LINES. 

Strains of suspended wires. — The suspended wire 
may be regarded as a parabola. It is usually stretched 




so as to allow, in a distance, / = 240 feet between the 
supporting insulators, a sag, A = i^ feet in mild weather, 
which is on the average equivalent to 

A = o*oo6 /. 
The length L of the suspended wire is 



= ^(^ + ^-'^)feet 



1 74 Overland L ines. 

The yertical strain S, or weight upon each insulator is 

S^ « lbs. 

4 

in which <r is 3*38 lbs., the weight of a foot length of 
inch square iron bar, and d the diameter of the wire in 
inches. Therefore 

Vertioal strain » 265 L ^. 

The greatest strain, S^ at the points of suspension, 
in the direction of the wire, is 

S4 — — . -: = — — Q • — ■£ • . 

As h is invariably very small in comparison with /, the 
value h^ may be altogether neglected, and L may be put 
equal to /, so that giving the numerical value to the 
constants, the above equation becomes 

Greatest strain = 0,33 — r- lbs., or , lbs., 

n 374''^ 

where w is the weight in cwts. of one statute mile. 

Numericdl Example, — Posts are 240 feet apart ; wire No. 8» 

B. W. G. [d = 0-165") ; sag in middle, 1*5 feet ; 

Vertical strain = 2*65 x 240 x '165* = 17*3 Iba. 

240* X 0'i6'»' 
Oreatdst strain = 0,33 x -^- — — — — = 345 lbs. 

The Composition of Foroes for finding the 
positions of stays and struts for telegraph posts. 

Two wires^ P and Q, pull in different directions upon 
the post O, have a resultant, R, expressed by the diagonal 
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of the parallelogram, by which they might be replaced. 
The forces stand in the relation 

. P ; Q : R 5= sin // : sin ^ : sinj': 




The resultant is 

R - v^p2-|-Q^-|-2 PQ. cos J/. 
When J/ is a right angle, 

P a R COS b Q * R cos a 

Ra VP+Q». 
When // is a right angle, 

P a -^ Q = R tan * 

cos 

R » V^i"" - Q'. 

The forces of several wires, P, Q, S, T, pulling in 
different directions, in the same plane, upon the post O, 
may be compounded graphically, which is exact enough 
for all practical purposes, by describing from the point O 
a polygonal figure O V, a b c d (shown in dotted lines), 
whose sides are equal to, and parallel to, the directions 



1/6 



Overland Lines. 



of the given forces. The side, R, completing the figure, 
gives the value of the resultant, and its direction in the 
line d djia which a stay or strut must be placed. 



P < 




Two parallel wires of different lengths'or tensions, P 
and Q, acting upon the rigid arm, A B, have a resultant 




which is equal to their sum, and act in the direction 
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of the greater. Its position is determined by the pro- 
portions 

and 



AC : AB = Q : R 



B C : A B = P : R. 

The arm should therefore be fastened to the post at 
the point C. 

Opposite forces acting parallel and equally upon dif- 
ferent points. of any system tend to impart to it a rotary 
motion. 

■ 

Table showing the Strain corresponding to the Sag or Dip of a 
Wire suspended at both ends. — {CulUy.) 







No. 8 wire, 

ordinary, 

88 yards 

span. 




No. XX wire, 


No. XX wire, 






Sag m 


No. 8 wire, 


homoge- 


homoge- 






xxo yards 
span. 


neous, 

xxo yards 

span. 


neous, 

xxo yards 

span. 








lbs. 


lbs. 


lbs. 


lbs. 






24 


313 


429 


266 


224 






23 


326 


448 


380 


235 






23 


340 


467 


291 


246 






31 


359 


486 


802 


257 






30 


377 


504 


313 


268 






19 


397 


582 


324 


380 






18 


418 


560 


336 


294 






17 


448 


588 


355 


808 






16 


477 


616 


874 


322 






15 


510 




392 


316 






14 


543 




420 


355 






13 


583 




448 


374 






13 


634 




476 


392 






II 


690 




504 


420 






10 


756 






448 






9 


841 






476 






8 


936 






504 






7 


1018 
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Telegraph Poles. 
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Timber Measuring. 

G = Jth girt of tree at middle in feet. 
g = Jth girt of tree at one end in feet. 
^ = Jth girt of tree at the other end in feet 
L = Length of log in feet. 
c = Cube contents of log in feet 

Allowance is to be made for bark by deducting from 
each Jth girt 



-(■ 



Measures in which the Lengths of Over-head Lines are 
expressed in Various Countries. 







T.ength 

in Hne. 

Yards. 




English 
MOes. 


Engr. ; 

MOes. 


MUes, &c., 
[>f different 
Coantries. 


Arabia . « 


• Mile • • 


. . 2148 


100 = 


: 122*04 


and 


XOO : 


= 8X-9J 


Austria • 


. Mfle . . 


. . IOI26 


da 


575- ?4 
575*96 


ti 


do. 


X7*J8 


Bohemia • 


. Mile • . 


. . 10IJ7 
. . 6070 


do. 


»t 


do. 


i':-)6 


Brabant . 


. League. . 


do. 


J45-22 


t$ 


do. 


28 96 


Burgundy . 


. League. • 


. . 6181 


do. 


J5I-66 


»» 


do. 


28-46 


China . . 


• Li . • • 


. . 6)2 


do. 


)5 9» 


»» 


do. 


278-48 


Denmark » 


• Mile • . 


. 8244 


do. 


468 •4X 


*» 


do. 


21 J5 


England • 


. Mile • • 


. . 1-60 


do. 


xoo* 


$f 


do. 


xoo- 


Flanders • 


. League. . 


. . 6864 


do. 


390' 

62 10 


ft 


do. 


25-64 


France . . 


. Kilometre 


. . 109} 


do. 


tt 


do. 


161 -02 


Hamburg . 


. Mile . . 


. . 8244 


do. 


656 '76 


ft 


do. 


21- ?5 


Hanover . 


« Mile • • 


. . I 1559 


do. 


ft 


do. 


X5-22 


Hesse . • 


. Mile . . 


. . 10547 


do. 


'^t 


ft 


do. 


x6'68 


Holland . 


. Mile . . 


. . 8IOX 


do. 


ft 


do. 


21-72 


Hungary . 


. Mile . . 


. . 9m 


do. 


5i7-7« 


ft 


do. 


19-)! 


Italy . . 


. Mile . . 


. . 2025 


do. 


X1505 


ft 


du. 


86-91 


Lithuania . 


• Mile • • 


. . 9781 


do. 


555-71 


t* 


do. 


18-CO 


Norway . 


. Mile • • 


. . 12)52 


do. 


701 8). 
614 77 


ft 


do. 


14-25 
16-26 


Oldenburg. 


. Mile . . 


. . 10820 


do. 


1 1 


do. 


Poland . . 


. Long Mile. 


. • 810X 


do. 


46028 


tt 


do. 


2i-':2 


»» • • 


. Short Mile. 


. . 6075 
. • 6760 


do. 


J45-I7 


ti 


do. 


28 97 


Portu^ • 


. League. • 


do. 


tt 


do. 


26-0) 


Prussia 


. Mile . . . 


► • 82j7 


do. 


tt 


do. 


2I-J7 


Rome • • 


. MUe . . . 


. . X628 


do. 


t-fo 


1 1 


do. 


I08II 


Russia • « 


. Verst • . , 


. • 1167 


do. 


tt 


do. 


I50'8i 


Saxony. • 


. Mile . . . 


• 9905 


do. 


562 78 


tt 


do. 


17 76 


Silesia • • 


« Mile • • . 


. 708J 


do. 


402-44 


tt 


do. 


24-84 


Spain • « 


C Common Lej 
•' ofSonoVara. 


r\ ^4^6 


do. 


42i*i6 


It 


do. 


2J*7J 


»f • • 


(Legal Legua 
• \ sooo Varas • 
. Mile • . • 


**[ 1 ^\$ 


do. 


561 J5 


tt 


do. 


J7'97 . 


Swabia. . 


. X0126 


do. 


275* M 


tt 


do. 


17- )8 


Sweden 


. Mile . . . 


. 11700 


do 


664-77 


tt 


do. 


15 04 


Switzerland 


. Mile . . . 


. 9«5J 


do. 


520-05 


tt 


do. 


19-2; 
9618 


Turkey. . 


. Berri . . » 


1826 


do. 


10) -75 


It 


do. 


Tuscany . 


. Mile . . . 


. x8o8 


do. 


102*72 


tt 


do. 


97* J4 


Westphalia 


• Milo p , f 


. 12x51 


do. 


690- 19 


»* 


do. 


1^-48 
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Statistics, 



Statistics of some Telegraph Systems. 
Scudamor^s Report, 



(i86^.) Miles of tele- 
graphic line to every 
lOO square miles of 
territory. . . 
Number of telegra-| 
phic offices to every > 
lOOyOoo persons . ) 
Increase per cent, in 
1866 over 1865 : 
Miles of line 
Miles of wire 
Telegraph offices 
Instruments . . 

Proportion of Inland) 
Telegrams to Inland) 
Letters . • 1860) 
Ditto Ditto 1 86 1 
Ditto Ditto 1862 
Ditto Ditto 1863 
Ditto Ditto 1864 
Ditto Ditto 1865 
Ditto Ditto 1866 

Cost per mile of 
line of working and 
maintaining Tele- 
graph. . . 1865 
Ditto Ditto 1866 

Number of messages' 
per mile of line I §32, 
Ditto Ditto 1865 
Ditto Ditto 1866 



In Belgium. 



Miles. 
Offices. 

6i 

Per cent. 
9 

16 

i5i 



Tetegrams 
I to 






4 18 



Letters 
218 

187 
114 

88 

73 
37 

d. 
4 



In Switseiiand. 



Miles. 
13* 

Offices. 
9ft 

Per cent. 

3i 
10 

I3i 



576 

Messages per 
Mile. 

97 
124 

181 



Telesrqins, 
I to 



>» 
tt 
tt 
tf 
»» 
tt 



Letten 

84 

87 
80 

74 
70 

69 
69 



In the United 
Kingdom. 



Miles. 
"ft 

Offices. 

5ft 

Per cent. 

3i 

. 4r 

7 
II 



Td^Crams 
I to 



£ *' d, 

5 3 2 

Messages per 
l^ile. 

128 

159 

163 



tt 
tt 
tt 
tt 
tt 
tt 



Letters 
296 

273 
221 

197 

169 

121 



I t. d. 
4 ID O 

. 4 10 2 

Messages per 
• Mile. 

47 
61 

. 7a 



Thermometers. l8i 



Comparative Table of the Degrees of the three 
Thermometrical Scales. 

To convert the Degrees of Fahrenheit into those of 

Reaumur and Celsius (the Centigrade) ; and conversely. 

F — 32 

Fahrenheit into Reaumur x 4 = R. 

9 

F — 32 

Fahrenheit into Celsius x 5 = C. 

9 

R V Q 

Reaumur into Fahrenheit +32 = F. 

4 

C X 9 
Celsius into Fahrenheit +32 = F. 



Thermometers. 

t, of Comparison of different Theimoraetera. 
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Wind — Air. 



m 



Velocity and Force of tlie VFxxid.—iSmeafon.) 



Miles 
per 
. hour. 


Feet per 
second. 


Direct force 
per square 
foot in lbs. 

avoirdupois. 


Expression. 


I 
2 

3 
4 

5 

lO 

15 

20 

35 
30 

35 
40 

45 

50 

60 

.80 

100 


1-47 
2-93 

4*40 

5*87 

7*33 

14-66 

22-00 

39*34 
36-67 
44«oi 

5^*34 
58-68 
66-01 

73*35 

88-02 

117-36 
146*66 


•005 

-020I 

^044/ 

•079I 

•i23r 

U9n 
1-107) 

i-968i 

3*075/ 

4'439\ 
6*027/ 

7*873\ 
9-963/ 

12-300 

17-715 

31-490 

49-200 


Hardly perceptible. 
Just perceptible. 

Gentle, pleasant wind. 

Plea.sant, brisk gale. 

Very brisk. 

High wind. 

■ 

Very high wind. 

Stormy or tempest* 

Great storm. 

Hurricane. 

rHurricane that tears up trees, and 
\ carries buildings before it. 



Weight of a Cubic Foot of Air.— To find the 
weight in pounds of a cubic foot of air at different tem- 
peratures, and under different pressures (Molesworth) — 



W = 



1*3253 >: B 



459 + T 

Where B is the height in inches of mercury in 
barometer, and T temperature Fahrenheit. 

The Barometer. — If the barometer differ from 30 
inches, the boiling point of water will differ from 212°. 
According to WoUaston, 1° Fahr. corresponds to a dif- 
ference of 0*589 inches of barometric pressure. When 
the barometer stands at 29 inches, water boils at 



iS4 Barometer. 

210*38 Fahr. When it stands at 31 inches, water boils 
at 213-57. 

To Measure Vertioal Heights by the Barometer. 

Letters denote — 

H = column of mercury , , , 

^ ^ , . > at the lower station. 

T = temperature of the air 



at the higher station. 



h = column of mercury 
/ = temperature of the air 
/ = latitude of the place. 

/= vertical height, in feet, between the higher and 
lower station. 

X =^log \^x i^o-oooiooi (T-/)/ 

/= 60345*51 JP (l + ©'00255 1 C^S 2 /) (l 4- 0'00208 

(T + / - 64°)). 

If the atmosphere be very calm the observations may 
be made one after the other by one barometer and 
detached thermometer; but the least disturbance of 
wind requires the observations at the upper and lower 
stations to be made at the same time. The reduction of 
the columns of mercury is included in the formula. 

If a measure of a height rather greater than the 
Aneroid will commonly show, be required — re-set it, thus : 
— When at the upper station {within its range)^ and 
having noted the reading carefully, touch the screw 
behind so as to bring back the hand a few inches (if the 
instrument will admit), then read off and start again. 
Reverse the operation when descending. This may add 
some inches of measure approximately. 
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Table. 



Barometer 


Height in 


Barometer 


Height in 


Barometer 


Height in 


Inches. 


feet. 


Inches. 


feet. 


Inches. 


feet. 


ji*o 





26*8 


J829 


22*7 
22*6 


8201 


JO*0 

JO* 8 


85 


26*7 
26*6 


J927 


8J17 


170 


4025 


12*5 


8434 


JO* 7 
jo*6 


255 

J4I 


26*5 
26*4 


4114 
422J 


22*4 

•22*J 


8551 
8669 


JO* 5 


427 


26*J 


4J2J 


■22*2 


8787 
8906 


io*4 


5U 


26*2 


442J 


22*1 


JO*J 


600 


26*1 


4524 


■22*0 


9025 


JO* 2 


687 


26*0 


4625 


2I*9 
21*8 


^ 


JO* I 


m 


25*9 
25*8 


-♦2*5 


JO'O 


4828 


■21*7 
21*6 


9188 


29*o 
29*8 


950 


25*7 
25*6 


49JO 


9510 


loj8 


50JJ 


■21*5 


96J2 


29*J 

29*6 


1 126 


25*5 


51J6 


21*4 


92^ 


1215 


25-4 


5240 


1I-J 


9878 


29-5 


IJQ4 


25J 


5448 


21*2 


X0002 


29*4 


IJ9I 
1482 


25*2 


21*1 


101I7 


29* J 


25*1 


555J 


2I*0 


102JJ 


29*2 
29*1 


1572 
1662 


25*0 
24*9 


5658 
576J 


2o*9 

20*8 


IOJ70 
10506 


29 •© 
28*9 
28*8 


175J 
1844 

1935 


24*8 

24-7 
24*6 


'Bi 


20*7 

2o*6 

20*5 


I06JJ . 

10760 > 

IO88Q 

IIOI8 


28*7 
28*6 


2027 


245 


6190 


2o*4 


2119 


244 


6297 


20*J 


III48 


28*5 


22II 


24*J 


6405 


20*2 


11278 


28*4 


2JOJ 


24*2 


6514 


20*I 


11409 


28*J 


2J96 


24*1 


662J 


20*0 


II54I 


28*2 
28*1 


2489 
2582 


24*0 

2J*9 
2J-8 


67JJ 
684J 


,9.A 
19*8 


1 167 J 
1 1805 


28*0 


2675 
2769 


69W 


19*3 
19*0 


II9J9 


27*0 

27*8 


2J*7 
2J*6 


7064 


12074 


2864 


7175 


19*5 


12210 


27*7 
27*6 


2959 


2J-5 


7287 


»9-4 


I2J46 


.JO54 


2J-4 


7J99 


i9*j 


1248J 


27-5 


ii49 


2J*J 


7512 


19*2 


•12620 ' 


27*4 


i245 


2J*2 


7625 


19*1 


12757 


27*J 


JJ41 


2J'I 


7729 ' 


19*0 


12894 


27*2 


J4i8 


2J'0 


7854 • 


.18*0 
i8*8 


12942 


27*1 


J5i5 


22*Q 
22*8 


7969 . 


1J080 


27*0 
26*9 


J6jj 


8085 


i8*7 


1J2I9 


inn 
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Conducting Powers, 



Tablk of Conducting Powers and Resistances. — {Jenkins,) 



Namss of Mktals. 



Stiver annealed . 
Silver hard draMrn 
Copper annealed 
Copper hard drawn 
Gola annealed . 
Gold hard drawn 
Aluminium annealed 
Zinc pressed . . 
Platinum annealed 
Iron annealed . 
Nickel annealed 
Tin pressed . . 
Lead pressed 
Antimony pressed 
Bismuth pressed 
Mercury liquid . 
Platinum, Silver, alloy,) 

hard or annealed ) 

German Silver, hard or ) 

annealed . . . . ) 
Gold, Stiver, alloy, hard ) 

or annealed . • • 1 



I 

•a o 



IOO*00 

99*55 

77*96 

29*01 

• • 

16.81 
13 '11 

I2'j6 
8*J2 

4*62 
1-245 




0*2214 

0*2421 

0*2064 

0*2106 

0*5849 

0*5950 

0*06822 

0*5710 

i-536 

1*2425 

1*0785 

I-JI7 
i*2j6 

5-054 
18*740 

4*24i 

2-652 

2*J9» 




.s 



o*.-S^ 

81-5 I 
.a 5 V 

I - 



0*1689 
0*1440 
0*1469 
0*4080 
0*4150 
0*05759 

o*iQ8j 

2*464 

0*7522 
0-8666 
0*9184 

2*257 
2*3295 

3 525 
13*071 

2*959 

1*850 

x-6^ 






..9 



9*936 
9*151 
9*718 
9*940 
12*52 

12*74 
17*72 

J2*22 

55-09 
59*40 

V^ 

119*39 
2X6 'O 

598* 
600* 



!> o g 

e 
.2 



E 



18 



°1 






*o 

'O 



143*35 

127*32 

66*10 



0-OI9J7 
,0*02103 
0*02057 
0*02104 
0*02650 
o 02697 
0*03751 
0*07244 

O'II'jO 

0*1251 
0*1604 
0*1701 
0*2527 

04571 

1*689 
1*270 

0*3140 
0*2695 

0-I399 






2 ^ V d 



0*377 

« • 

0*388 

• • 

0*365 
0*365 



0*365 
0*387 
0*389 
0*354 

0*072 
0*031 

0*044 

0*065 



Conducting Powers of Metals. 
Coefficients for temperature (/) in deg. Ceh,—{MatiAtessen,) 



Mrtals. 



Silver. « 
Copper • 
Gold • , 
Zinc . • 
Cadmium 
Tin . . 
Lead . • 
Arsenic . 
Antimony 
Bismuth . 



Mean of all 



COBPPICISNTS. 



^= 100 - 0*38278/ + 
c = 100 - 0*38701 / 4- 
f = 100 - 0*36745/ + 
f = 100 - 0*37047/ + 
c = 100 - 0*36871 / + 
<: = 100 - 0*36029/ + 
r = 100 - 0*38756/ + 
<: = 100 - 0*38996/ + 
c = 100 - 0*39826 / + 
c = 100 - 0*35216/ + 



0-0009848/2 
0*0009009/'* 
0*0008443/' 
0*0008274/* 
0*0007575 /' 
0*0006136/' 
0*0009146/' 
0*0008879 /' 
0*0010364/' 
0*0005728/' 



c = 100- 0*37647/ + 0*0008340/' 



Solutions. 
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Conducting Powers of Solutions. 
Comparison with Pure Copper = 100,000,000. 



SOLUTIONS. 


Temperature, 
Cent. 


Conducting 
Power. 


1. Sulphate of Copper — cone. (sp. gr. = i • 1 7 1 ) . 

Ditto, with an equal volume of water . 
Ditto, with 3 volumes of water . ♦ . 

2. Common Salt — concentrated 

Ditto, with an equal volume of water . 
Ditto, with 2 volumes of water . . . 
Ditto, with 3 volumes of water . . , 

3. Sulphate of Zinc — cone, (sp.gr. 1*441) • • 

Ditto, with I volume of water • « , 
Ditto, with 3 volumes of water . , • 


9° 

• • 

• • 

• • 

• • 

• • 

14° 

• •. 

•• 


5-42 
3 '47 

2*o8 

31-52 
23*08 

17*48 

i3'58 

5*77 
7-13 
5*43 



Dilute Sulphuric Acid. 
Resistances of different strengths* 



Specific 
gravity. 


SO* HO, 
in 100 parts 
by weight. 


Tempera- 
ture C. 


Resistance. 


1*003 


0*5 


I6*I<» 


l6*OI 


I'OlB 


2-2 


15*2 


5-47 


1-053 


7-9 


13*7 


1*884 


I* 080 


I2*0 


12-8 


1-368 


1*147 


20-8 


13-6 


0-960 


1-190 


26*4 


13-0 


0-871 


1*215 


29*6 


12-3 


0-830 


1*225 


30*9 


13-6 


0-862 


1*252 


34-3 


13-5 


0*874 


1-277 


37*3 


• • 


0*930 


1-348 


45 '4 


17-9 


0-973 


1*393 


50*5 


'4*5 


1-086 


1-492 


606 


13*8 


1-549 


1-638 


73*7 


14*3 


2*786 


1*726 


8l*2 


i6-3 


4-337 


1-827 


92*7 


14*3 


5*320 
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Chemical Equivalents. 



At very high temperatures the resistances of metals 
are increased, according to Miiller, as follows : — 



Iron Wirb, 




COPPBR WiRB. 


Platinum Wirb. 


Temperature. 


Resist- 
ance. 


Temperature. 


Resist- 
ance. 


Temperature. 


Resist- 
ance. 


6* C • • • 

31* C. . . . 

285* c. . . . 

Commencing to I 

colour . • 3 
Daricgrey . . 
Scarcely incan- / 

descent. . ( 
Dan red • ■ • 
Bright red . . 
Red hot . . -. 
White hot . . 
21* C 


640 

x66o 

3350 

3460 

3050 

3200 
3650 

^, 

737 


C> • • . • 

31 C • • . • 

Scarcely incan- 1 
descent. . ) 
Carmine red . . 
Bnck red • • • 
Bright red . . 
3x*a« . . . 


814 
864 

3IOO 

2450 

3300 
4700 

9X0 


©•C 

21* C 

Barely incan- 2 
descent. . 3 
Red hot . * . 
Light red. . . 
Orange . . . 
Lif ht Yellow . 

3X C • • • • 


1870 
1986 

4300 

4700 
5050 

5400 
6000 
1984 



Simple Substances, with their S3anbols, Equivalents, and Specific 

Gravities. 



Namb. 


1 

(A 


i 


J 


Namb. 


CO 


• 

.2: 


• 

1 


Aluminium . 


Al 


n-7 

64-6 


2'56 


Molybdenum. 
Nidcel . . 


Mo 


47*9 


8*6o 


Antimony 


Sb 


6*70 


Ni 


29*5 


8*8o 


Arsenic . • 


As 


J7-7 


5*70 


Nitrogen . . 


N 


14*2 


0-972 


Bismuth • • 


Bi 


71-5 


9*82 


Osmium • . 


Os 


99*7 


10*00 


Bromine . • 


Br 


78-^ 
55-8 


J 'CO 


Oxygen • . 





8*0 


1M02 


Cadmium • 


Cd 


8*65 


Palladium . 


Pd 


'in 


ii-i5 


Calcium . . 


Ca 


20'5 


•58 


Phosphorus . 


P 


15*9 


i'77 


Carbon . • 


C 


61 


J-JO 


Platinum . . 


Pt 


98*8 


21*50 


Chlorine • • 


CI 


i5-5 


2-44 


Potassium 


K 


J9'* 


0*865 


Cobalt . . 


Co 


29- 5 


8-5J 


Rhodium . . 


R 


52*2 


11*00 


Copper . . 


Cu 


31-7 


8*8o 


Selenium . . 


Se 


40*0 


4-5 


Fluorine . • 


F 


i8'7 
196*6 


I-J2 


Silver . . . 


Ag 


io8*3 


w*5 


Gold (Aurum) 


Au 


19-jo 


Sodium . . 


Na 


2J*5 


0*972 


Hydrogen . 


H 


!•© 


0*069 


Strontium . 


Sr 


41*8 


2*54 


Iodine* . . 


I 


126*5 


I8*S 


Sulphur . . 
Tellurium. . 


S 


16*1 


1*99 


Iridium . . 


Ir 


98*5 


Te 


64*2 


6*jo 


Iron • . . 


Fc 


28*0 


7-75 


Tin . . . 


Sn 


58*9 


7-20 

5*28 


Lead . . . 


Pb 


ioi-7 


ii*J5 


Titanium . . 


Ti 


24*5 


Magnesium . 


Mg 


12*7 


1*75 


Tungsten . . 


W 


92*0 

OO'O 


17*00 


Manganese • 


Mu 


26*0 


8*00 


Uranium . . 


U 


10*15 


Mercury . • 


Hy 


20O*O 


ij*5o 


Zinc • • • 


Zn 


n^i 


7*oo 



Table of Weights, 
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Table containing the weight of a cubic inch, and a cubic foot, in 
ounces and pounds avoirdupois, and also the number of cubic inches 
in one pound, of the substances most used in construction. 





Weight of a Cubic 


Weight of a Cubic 


Number of 


• 


Foot. 


Inch. 


Cubic 


NAMES OP BODIBS. 








T_ V _ J_ 


a^Cs'VWW ^0 m m^^^M^^Mm^^f 


InOz. 


In Lbs. 


InOt. 


In Lbs. 


Inches m 
a Pound. 


Copper, sheet. . 


8,915 


557-18 


5*159 


•3225 


3-101 


Brass, cast . • 


8.393 


524-75 


4-857 


*3037 


3*294 


Iron, cast . . . 


7.271 


445 '43 


4-207 


•263 


3-802 


Iron, bar • . . 


7.631 


476-93 


4-416 


•276 


3*623 


Lead .... 


".344 


708-75 


6-356 


•4103 


2-438 


Steel, soft . . . 


7.833 


489-56 


4-533 


-2833 


3*531 


Zinc, cast . . • 


7.190 


449*37 


4-161 


•26 


3*845 


Tin, cast . . . 


7.292 


455-75 


4-219 


2636 


3 * 792 


Bismuth . . . 


9,880 


619-50 


5-710 


•3585 


2-789 


Mercury . . . 


13.595 


850-00 


7-870 


•4908 

m 


2-037 


Sand • • . • 


1,520 


95-00 


•8777 


-055 


18*190 


Coal . . • • 


1,350 


78-13 


•7234 


-0452 


22*118 


Brick .... 


2,000 


125-00 


1*157 


•0723 


13-824 


Slate .... 


2,672 


167-00 


1-546 


•0967 


10-347 


Glass . . . • 


2,880 


180-00 


1-664 


•1042 


9-600 


Larch .... 


544 


34-00 


•315 


•0197 


50-823 


Beech .... 


696 


43.50 


•403 


•0252 


39-724 


Teak .... 


745 


46-56 


•431 


•0269 


37-111 


Mahogany. . . 


852 


53-25 


•493 


•0308 


32-449 


Oak .... 


970 


60-62 


•561 


•0351 


28-503 


Paraffin ... 


870 


54-38 


•503 


•0315 


31-779 


Gutta-percha . . 


981 


61-31 


-508 


*0355 


28-184 


India-rubber . . 


903 


56-44 


*523 


•0327 


19-318 


Hooper's material 


If76 


75-50 


•681 


-0425 


23-510 


Asphalte . . . 


1650 


103*12 


•955 


*0597 


16-756 


Clark's Compound 


1760 


IIO'OO 


1-019 


•0637 


13-709 


Hemp .... 


I?33 


77-00 


-713 


-0446 


22-422 


Hemp, tarred • . 


1776 


III-OO 


I -028 


-0405 


24*673 


Olive OU . . . 


915 


57*'9 


-529 


•0331 


30-216 


Linseed Oil . . 


932 


58-25 


*539 


*o337 


29*655 


Spirits, proof . 


927 


57*93 


•536 


•03352 


29-288 


Water, distilled . 


1,000 


62-50 


•578 


-0362 


27-648 


Water, sea . . 


1,028 


64*25 


*594 


•0372 


26-895 


Tar .... 


1,015 


63-44 


-587 


•0367 


27-242 
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B. W. G\ 



Table of the Birmingham Wire Gauge. 



No. 
B.W.G. 


diam. 

in 
inches. 


rf» 


Sect 
area in 
sq. ins. 


No. 
B.W.G. 


diam. 

in 
inches. 


d^ 


Sect, 
area in 
sq. ins. 


I drc. in. 


I'OOO 


1*0000 


•7854 


Uk 


•089 


•0079 


•00622 




•454 


*2o6i 


•16188 


M 


•o8j 


•0069 


•00541 


000 


•425 


•1806 


•14186 


14* 


•077 


•0059 


•00466 


00 


•J80 


•X444 


•XU4X 


X5 


•072 


•C052 


•00407 




•J40 


•X156 


.09-79 


X5» 


•068 


•0046 


•0036J 




•JOO 


•0900 


•07068 


16 


•065 


•0042 


•00332 




•284 


;o8o7 


•o6jJ5 


17 


•058 


•00336 


•00264 




•259 


•0671 


•05268 


x8 


•049 


•00240 


'00x88 




•2j8 


•0566 


•<H449 


X9 


•042 


•00176 


•00x38 




*220 


•0484 


•0J801 


20 


•0J5 


•OOI2i. 


•00096 


5i 


•211 


•0445 


•01497 


'.9 21 


•OJ2 


•00102 


•00080 




•20J 


•0412 


•0J216 


22 


•028 


•00078 


•ooo6x 


6* 


•191 


•0J65 


•02865 


11 


•025 


•00063 


*'**TTr 




•180 


•0124 


•02545 


M 


•022 


•00048 


•00038 


7* 


•172 


•0269 


•02J24 


»5 


•020 


•00040 


•00031 




•165 


•0272 


•02138 


26 


•0X8 


•00032 


' 00025 


8* 


•156 


•0241 


•OI9XX 


v\ 


•016 


•000256 


•00020 




•148 


•0219 


•01720 


28 


•014 


•000196 


•000x5 


9* 


•141 


•0199 


•01 561 


19 


•013 


•000169 


•000x3 


lO 


•n4 


•0180 


•OI4IO 


10 


•0x2 


•000x44 


•oooix 


xoi 


•127 


*oi6i 


•01267 


3« 


•0X0 


•oooioo 


•000078 


II 


•120 


•0144 


•01x31 


n 


•009 




•000063 


xi* 


•114 


•oiio 


•0X021 


Ji 


•008 


•000064 


•000050 


12 


•109 


•0II9 


•009JJ 


J4 


•007 


•000049 


•000038 


XI* 


•102 


•0104 


•00817 


35 


•005 


•000025 


•000019 


II 


•095 


•0090 


•00708 


16 


•004 


•0000x6 


•0000x2 
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Decimal Equivalents of Inches, Feet, and Yards. 



Fractions Decims. 




Decims. 












of an 


of an 




of a 












Inch. 


Inch. 




Foot. 


Ins. 




Feet 




Yards. 


A 


•0625 


= 


•00521 


I 


£= 


•0833 


== 


•0277 


i 


•125 


= 


*oi04i 


2 


SS 


•1666 


r; 


•0555 


A 


•187s 


~ 


•01562 


3 


ss 


•25 


= 


•0833 


1 i 


•25 


=; 


•02083 


4 


=s 


•3333 


=s 


•IIII 


A 


•3125 


rr 


•02604 


5 


= 


•4166 


= 


•1389 


1 


•375 


= 


•03125 


6 


S3 


•5 


= 


•1666 


A 


•4375 


= 


•03645 


7 


^ 


•5833 


= 


•1944 


k 


•5 


= 


•04166 


8 


=s 


•6666 


= 


•2222 


A 


•5625 


= 


'04688 


9 


= 


•75 


= 


.25 


f 


•625 


=: 


•05208 


10 


^ 


•8333 


^ 


.2778 


U 


•6875 


r: 


•05729 


II 


= 


•9166 


= 


•3055 


J 


•75 


= 


•06250 


12 


= 


I -000 


== 


•3333 


« 


. -8125 


= 


•06771 












i 


•875 


sr 


•07291 












!i 


•9375 


=r 


•07812 












I inch 


roo • 


= 


•08333 













Table of Rbciprocals. 





No. 


Recip- 
rocal. 


No. 


Recip- 
rocal. 


No. 


Recip 
rocal. 


No. 


Recip- 
rocal. 


No. 


Recip- 
rocal. 




a 


0*5000 


aa 


0*0455 


4» 


0*0238 


6a 


o*oi6x 


82 


0*0x22 




I 


O'lm 


n 


0*0415 


4J 


0*02 }3 


63 


0*0150 
0*0150 


83 


o*oxao 




4 


0*2500 


*4 


0*0417 


44 


0*0227 


^ 


«4 


o*oxxo 
0*0118 




5 


0*2000 


^ 


0*0400 


45 


0*0222 


65 


0*0154 


85 




6 


o*i66'j 


36 


0*0585 


46 


0*0217 


66 


o*oi5a 


86 


o*oxx6 




7 


0*1429 


*2 


o*oj7o 


^l 


0*0213 


u 


0*0149 


87 


o*oxx5 




8 


o' 1250 


a8 


o*oj57 


48 


0*0208 


0*0147 


88 


o*oxx4 




9 


O'lIII 


29 


0*0345 


49 


0*0204 


69 


0*0145 


89 


o*oxxa 




10 


O'lOOO 


JO 


o*om 


50 


0*0200 


70 


0*0x43 


90 


0*01x1 




XI 


0*0909 


Ji 


0*0i2) 


51 


0*0196 


71 


0*0141 


91 


0*0x10 




X2 


O'oSjj 
0*0769 


J2 

IJ 


0*0313 
0*030| 


5a 

5J 


0*0192 
0*0189 


7a 

73 


0*0139 
0*0137 


92 
91 


0*0x09 
0*0108 




jr 


1 o*o4i4 
0*0667 


J5 


0*029^ 
0*0286 


54 
55 


0*0185 
0*0182 


74 
75 


0*0x35 
0*0133 


94 
95 


0*0x06 
0*0x05 




x6 


0*0625 


J6 


0*0278 


56 


0*0179 


76 


o*ox3a 


96 


0*0x04 




x? 


0*0588 


il 


0*0270 
0*020} 


57 


0*0175 


?i 


0*0130 


97 


0*0I0| 




18 


0*0556 


J8 


58 


0*0172 
0*0109 


0*0128 


98 


o*oxoa 




>9 


0*0526 


J9 


0*0256 


f9 


79 


00127 


99 


O'OXOX 




ao 


0*0500 


40 


0*0250 


60 


0*0167 


80 


0*0125 


xoo 


0*0x00 




ai 


0*0476 


4X 


0*0244 


6x 


0*0164 


81 


0*0x23 
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Knots into Miles. 
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Miles into Knots. 
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Yards into Knots, 

Table to convert Yards into Knots. 



Yaitlt. 


Knots. 


Log. 


Yaitls. 


Knots. 


Log. 


Yanlifc 


Knots. 


Log. 




I 

2 
3 
4 
5 


•00049 
•00090 

*oof48 

•0019J 

*oo246 


•6901961 

•9956152 
•I 70261 7 
•2944662 
•1909151 


51 
52 

5? 
54 
55 


•02513 

•02561 
•02612 
-02661 
•02710 


•4001925 
•4087486 
•4169732 
•425044? 
•4129691 


lOI 

102 
103 
104 
105 


•04978 
•05028 

•05077 
•05126 

•05175 


•6970549 
•7011951 
•7056072 
•7097786 
•7119104 




6 

I 

9 
lo 


•00296 
•0014J 
•00194 

•aH44 
•«H93 


•4712917 
•5178191 

•59549** 
•6471810 

•6928469 


56 


•02760 
•028 9 
•02858 
•02908 
•02957 


•4409091 

•4485517 
•4560622 

•4615944 
•4708513 


106 

109 
no 


•05225 
•o52'J4 
•05123 

•0517I 
•05421 


•7180863 
•7221401 
•7261565 
•7102168 

•7J40794 




II 

12 
II 

M 
15 


•00542 
•00J92 
'00641 
•00690 
•007 J9 


•7JJ999I 

•77i>ii7 
•8068580 
•8188491 
.8686444 


61 
62 
63 

65 


•01006 

•01056 
•01105 

•03154 
•03203 


•4779890 

•4851511 
.4920616 

•4988617 
•5055569 


III 
112 
"1 

"4 
"5 


•05470 
•05520 

•05569 
•05618 
•05667 


•7179873 
•7419191 
•7457772 
•7495817 
•75Ji5l2 




i6 

»7 
18 

19 

20 


•ooM 
•00887 
•00915 
•00986 


•8970770 
.9212440 
•9479236 
•9717106 
•99J8769 


66 

68 

69 

70 


•03251 
•03102 

•0315I 
•01401 

•03450 


•51 22841 

•5187771 

•5251-44 
•5116066 

•5J78191 


116 
117 
118 
119 
120 


•o57n 
•o5'766 
•05815 
•05865 

•05914 


•7571682 

•7608746 

•7645497 
•7682680 
•7718813 




21 
22 

H 
»5 


•OI0I5 
•01085 
•oii?4 
•oii8j 

•OI2J2 


•0149401 

•0154297 
•0546111 

•0720847 
•0906107 


71 
72 

7? 
74 
75 


•03499 
•01549 
•03598 


•54?94?9 
•5501060 

•5560612 

•5619158 

•5^7120 


121 

122 
123 
124 
125 


•05961 
•06011 
•06062 
•061 I I 

•06160 


•7754648 
"7790912 
•7826159 
•7861123 
•7895807 




26 

29 
JO 


•01282 

•oi??i 
*oi|8o 
•01410 

•01479 


•1078880 
•1241781 
•1198791 
•i55n6o 
•1699682 


76 

?i 
2 


•01746 

•01795 
•01844 
•01894 

•0394J 


•5715678 
•5792118 
•5847814 

•59^1950 
•5958268 


126 

129 

130 


•06210 

•06158 
•06407 


•7910916 
•7965050 
•7998917 
•8011205 
•8066547 




1« 

il 
J4 
i5 


•01528 

•01578 

•01627 
•01670 
•01725 


•1841214 
• 1981070 
•211 1876 
•22^740 
•2367891 


81 
82 
83 

85 


•03992 
•04042 
•04091 
•04140 
•04189 


•6011905 
•6065961 
•611 8295 
•6170003 
•6221104 


131 

112 
113 
114 
Ii5 


•06506 

*fj|55 
•06604 

•06653 


•80996J5 
•8111141 

•8165727 
•8198071 
•8230175 


' 


J6 

i9 
40 


•01775 
•01824 

•OI87J 
•01921 
•0197 I 


•2491984 
•2610248 

•2725178 


86 

87 
88 

89 

90 


•04219 
•04288 

•04117 
•04181 

•044 J6 


•6272634 
•6322548 
•6371894 
•6421676 
•6469 >i5 


ij6 

n7 
118 

n9 

140 


•06703 
•06152 
•06801 
•06851 
•06900 


•8262692 
•8294124 
•8125728 

•8157540 
•8388491 




41 
42 

4J 
44 
45 


•02020 
•02070 
•0211Q 
•02168 
•02217 


•3051514 
•J 159701 
•3261 3 10 
•3360591 

•J457657 


91 
92 

9? 
94 
95 


•04485 

•045?5 
•04584 
•04011 
•04682 


•6517624 

•6565771 
•6612446 

•6658623 

•67043 4 


141 
142 

14? 
144 
145 


•06949 

•06999 
•07048 
•07097 
•07146 


•8419223 
•8450160 
•8480659 
•8510748 
•8540630 




46 

48 

49 
50 


•02267 

•02JI6 

•02165 

•02415 

•02464 


•J5545I5 
•J647386 

•37J8311 
•38201 7 I 
•3916407 


96 

99 
100 


•047J2 
•04'78i 
•04810 
•04880 

•04929 


•6750447 
•6795187 
•6819471 
•6884198 
•6927588 


146 
148 

149 
150 


•07196 

•07245 
•07294 j 

•071+4 
•07391 


•8570912 
•8600184 
•8629658 
•8659127 
•8688207 


• 



Yards into Knots, 

Table to convert Yards into Knots — contintud. 



195 



Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


151 


.07442 


•8716897 


201 


•09906 


•995P983 


251 


•12370 


•0923697 
•0941216 


152 


•07492 


•8745978 


202 


•09956 


•9980849 


252 


•12420 


153 


•07541 


•8774289 


203 


•10005 


•0002171 


253 


•12469 


•0958316 


154 


•07590 


•8802418 


204 


•10054 


•0023389 


254 


•12518 


•0975349 
•0992316 


155 


•07639 


•8830365 


205 


• 10103 


•0044504 


255 


•12567 


156 


•07689 


•8858699 


206 


•10I5J 


•0065944 


256 


•12617 
•12666 


•1009561 


157 


•07738 


•8886287 


207 


•10202 


•0086853 


257 


•1026395 
•104 J 104 
• io6o2ott 
•1076847 


158 


•07787 


•89U702 


208 


• 10251 


•0107662 


258 


•12715 


160 


•07837 
•07886 


•8968568 


209 
210 


•10301 
•10350 


•0128794 
•0149403 


259 

260 


•12765 
•12814 


161 


•079J5 


•89914'^ 


211 


•10399 


•0169916 


261 


•12863 


•1093423 


162 


•07985 


•9022749 


212 


•10449 


•01907^7 
•0211066 


262 


•1291? 


•II 10272 


163 


•08034 


•9049318 


213 


•10498 


263 


•12962 


•II26720 


164 


•08083 


•9075726 


214 


•10547 
•10596 


•0231289 


264 


•13011 


•I 143 107 


165 


•08132 


•9101974 


215 


•0251419 


265 


•13060 


•II59432 


166 


•08182 


•9i2''595 


216 


•10646 


•0271865 


266 


•13110 


•1176027 


167 


•082? I 


•9154526 


217 


•10695 


•0291808 


267 


•13159 
•13208 


•I 192229 


168 


•08280 


•9180303 


218 


•10744 


•0311660 


268 


•1208371 


169 


•083J0 


•9206450 


219 


•10794 


•0331824 


269 


•13258 


•1224780 


170 


•08379 


•9231922 


220 


• 10843 


•0351495 


270 


•13307 


•1240802 


171 


•08428 


•9257245 


221 


•10892 


•0371076 


271 


•13356 


•1256764 


172 


•08478 


• 92829 ?4 


222 


•10942 


•0390967 


272 


•13406 


•1272992 


173 


•08527 


•9J07963 


223 


•10991 


•0410372 


273 


•13455 


•1288837 


i?4 


•08576 


•9332848 


224 


•11040 


•0429691 


274 


•13504 


• 1304624 


175 


•08625 


•93575^1 


225 


•I 1089 


•0448924 


275 


•13553 


•1320354 


176 


•08675 


•9382695 


226 


•11139 


•0468462 


276 


•13603 


•1336347 
•1351903 


177 


•08724 


•9407157 


227 


•11188 


•0487525 


277 


•13652 


178 


•08773 


•94?i48i 


228 


•11237 


•0506504 


278 


•I 3701 


•1367523 


179 


•08823 


•9456163 


229 


•11287 
•11330 


•0525785 


279 


•13751 


•1383343 


180 


•08871 


•9479726 


230 


•0544598 


280 


•13800 


•I39879I 


» 181 


•08920 


•9503649 


231 


•"385 


•0563330 


281 


•13849 


•141418^ 

•1429836 


182 


•08970 


•9527924 


232 


•11434 


•0586158 


282 


•13899 


18? 


•09019 


•9551584 


233 


• 1 1484 


•0600932 


283 


•13948 


•I445II9 

•1460350 


184 


•09068 


•9575115 


234 


•11533 


•0619423 


284 


•13997 
•14046 


185 


•09117 


.9598520 


235 


•11582 


•0637836 


285 


•1475527 


186 


•0916^ 
•09216 


•9622272 


236 


•I 1632 


•0656544 


286 


•14096 


•1490959 


187 


•9645425 
•9668454 


237 


•11681 


•0674800 


287 


•14145 


•1506030 


188 


•09265 


238 


•11730 


•0692980 


288 


•14194 


•I 52 1048 


189 


•09315 


•9691829 


239 


• 1 1 780 


•0711453 


289 


•14244 


•1536320 


190 


•09364 


•9714614 


240 


•I 1828 


•0729113 


290 


•14293 


•I55I234 


191 


•09413 


•9737281 


241 


•11877 


•0747068 
•0765312 


291 


•I4?42 


•1566097 


192 


•09463 


•9760288 


242 


•I 927 


292 


•14192 


•I58I2I2 


i9i 


•09512 


•9782718 


243 


•I 1976 


•o78?ii8 


293 


•14441 


•1595973 


194 


•09561 


•9805033 


244 


•12025 


•0800851 


294 


•14490 


•1610684 


195 


•09610 


•9827234 


245 


•12074 


•0818512 


295 


•14539 


•1625345 


196 


•09660 


•9849171 


246 


•12124 


•0836459 
•0853970 


296 


•14589 


•1640255 


197 


•09709 


•9871745 
•989?6o-'. 


247 


•12173 


297 


•I46}8 


•1654817 


198 


•09758 


248 


•12222 


•087 '423 


298 


•14687 


•166933 I 


199 


•09808 


•9915805 


249 


•12272 


•088Q153 
•0900460 


299 


•14737 
•14786 


•1684091 


200 


•09857 


'9937448 


250 


•12321 


300 


•I6Q8507 



196 Yards into Knots, 

Table to convert Yards into Knots — continued. 



/ards. 


' Knots. 


Log. 


Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


•14815 


•1712876 


351 


•17299 


•2380210 


401 


•19763 


-2958529 


J02 


' 14885 


•1727488 


352 


•17349 


•2392744 


402 


•19813 


•2969502 


ioi 


•149H 


•I 741 761 


353 


•17398 


• 2404*^3 


403 


•19862 


•2980230 


J04 


•1498 J 


•1755988 


354 


•17447 
•17496 


•2417208 


404 


•19911 


'29909)1 
•3001605 


J05 


•15032 


•1:70168 


355 


•2429388 


405 


•19960 


J06 


* 15082 


•1784589 
•1798676 


356 


•17546 


•2441781 


406 


•20010 


•3012471 


13 


•151J1 


357 


•17595 


•2453893 


407. 


•20059 


•3023093 


*i5i8o 


•1812718 


358 


•17644 


•2465970 


408 


•20108 


•30)3689 


^09 


•I52JO 


•1826009 
'1840665 


359 


•17694 


•2478260 


409 


•20158 


•3044474 


iio 


•15278 


j6o 


•17743 


•2490271 


410 


•20207 


•3055018 


jii 


•i5?27 


•1854572 


361 


•17792 


•2502248 


411 


•20256 


•3065537 


iI2 


•15377 
•15426 


•1868716 


362 


•17842 


•2514435 
•2526346 


412 


•20306 


•3076244 


JIJ 


•1882533 


363 


•17891 


413 


•20355 


•30867 I I 


514 


•15475 


•1896107 
•1910036 


^^ 


•17940 


•2538224 


414 


•20404 


•3097153 


JI5 


•15524 


J65 


•17989 


•2550070 


415 


•20453 


•3107570 


J16 


•15574 


* 1924002 


366 


•18030 
•18088 


•2562125 


416 


•20503 


•3118174 


JI7 


•15623 


•19 J 7644 


367 


•2573905 
•2585655 


417 


•20552 


•3128541 


JI8 


•15672 


•1951244 


368 


•18137 


418 


•20601 


•3138883 


ii9 


•15722 


•1965078 


369 


•18187 
•18230 


•259761 I 


419 


•20651 


•3149411 


120 


•15771 


•1978592 


370 


•2609296 


420 


•20700 


•3159703 


J2I 


•15820 


•1992065 


371 


•18285 


•2620950 


421 


•20749 


•3169972 


J22 


•15870 


•2005769 


372 


•18335 


•2632809 


422 


•20799 


•3180125 
•3190644 


J23 


■V^ 


•2019158 


373 


• 18384 


•2644400 


423 


•20848 


J24 


•2032505 


374 


•184)3 


•2655960 


424 


•20897 


•3200839 


J15 


•16017 


•2045812 


375 


•18482 


•2667490 


425 


•20946 


•3211011 


J26 


•16067 
•16116 


•2059548 


376 


•18532 


•2679223 


426 


•20996 


'3221366 


i27 


•2C72573 


377 


•18581 


•2690691 


427 


•21045 


•3231489 


J28 


•16165 


•2085757 


378 


•18630 


•2702129 


428 


•21094 


•3241589 


i29 


•16215 


•2099170 


379 


•18680 


•2713769 


429 


'■21 144 


•3251872 


JJO 


•16264 


•2112274 


380 


•18728 


•2724914 


430 


•21 193 


•3261924 


iji 


•16313 


•2125338 


381 


•18777 


•2736262 


431 


•21242 


•3271954 


J32 


•16J63 


•2138629 


382 


•18827 
•18876 


•2747811 


432 


•21292 


•3282165 


3« 


* 16412 


•2151615 


383 


•2759100 


433 


•21341 


•3292148 


iH 


•16461 


•2i645')2 


384 


•18925 


•2770359 


434 


•21390 


•3302108 


JI5 


•16510 


•2177471 


385 


•18974 


•2781589 


435 


•21439 


•3312045 


J36 


•16560 


•2190603 


386 


•19024 


•2793018 


436 


•21489 
•215)8 


•3322l')2 


Ji7 


•16609 


•2203435 


387 


•19073 


•2804190 


437 


•3332054 


JJ8 


•16658 


•2216229 


388 


•191^2 


•2815333 


438 


•21587 


•3341923 


ii9 


•16708 


•22292^5 


389 


•19172 


•2826674 


439 


•21637 
•21686 


•3351970 


i^ 


•16757 


•2241963 


390 


•19221 


•2837760 


440 


•3361795 


i4X 


•16806 


•2254644 


391 


• 19270 


•28^8817 
•2860071 


441 


•21735 


•3371596 


J42 


•16856 


•2267545 


392 


•19)20 


44* 


•21785 


•3381576 


M) 


•16905 


•2280152 


393 


•19)69 


•2871072 


443 


**'5l^ 


'il^liii 


344 


•16954 


•2292722 


394 


•19418 


•2882045 


444 


•21883 


•3401069 


345 


•17003 


•2305256 


395 


•19467 


•2892990 


445 


•21932 


•3410782 


J46 


•17053 


•2318008 


396 


•19517 
•19566 


•2904131 


446 


•21982 


•3420672 


347 


•17102 


•23)0469 


397 


•2915020 


447 


•220) I 


•34)0342 


348 


•17151 


•2342894 


398 


•19615 


•2925883 


448 


•22080 


•3439991 


349 


•17201 


•2355537 


399 


•19665 


•2936940 


449 


•22130 


•3449814 


J50 


•17250 


•2367891 


400 


•19714 


•2947748 


450 


•22178 


•3459224 



Yards into Knots, 

Table to convert Yards into Knots — continued. 



197 



Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


451 


•22227 


•3468808 


501 


•24692 


•3925563 


551 


•27156 


•4338658 


45i 


•22277 


•3478567 


502 


•24742 


•3914348 


552 


•27206 


•4346647 


453 


•22J26 


•3488109 


503 


•24791 


•3942940 


553 


•27255 


•4354462 


454 


•22375 


•3497630 


504 


•24840 


•3951516 


554 


•27304 


•4362263 


455 


•22424 


•3507131 


505 


•24889 


•3960074 


555 


•27353 


•4370050 


456 


•22474 


•3516804 


506 


•249?9 


•3968790 


556 


•27403 


•4377981 


^^\ 


•2252i 


•3526262 


507 


•24988 


•3977315 


557 


•27452 


•4185740 


458 


•22572 


•3535700 


508 


•25037 


•3985823 


558 


•27501 


•439?485 


^1? 


•22622 


•3545310 


509 


•25087 
•25136 


•3994487 


559 


•27551 


•4401374 


460 


•22671 


•3554707 


510 


•4002962 


560 


•27600 


•4409091 


^' 


•22720 


•3564083 


5" 


•25185 


•4011420 


561 


•27649 


•4416794 
•4424641 


462 


•22770 


•3573630 


512 


•25235 


•4020033 


562 


•27699 


463 


•22819 


•3582966 


S^l 


•25284 


'4028458 


563 


•27748 


•4432317 


464 


•22868 


•3592282 


514 


•25333 


•4036866 


564 


•27797 
•27846 


•4439979 
•4447628 


465 


•22917 


•3601578 


515 


•25382 


•4045258 


565 


466 


•22961 
•23016 


•3611043 


516 


•25412 


•4053805 


566 


•27896 


•4455419 


^^2 


•3620298 


517 


•25481 


•4062165 


567 


•2T945 


•4463041 


468 


•23065 


•3629535 


518 


•255?o 


•4070508 


568 


•27994 


•4470650 


469 


•23115 


•3638939 
•3648136 


519 


•25580 


•4079005 


569 


•28044 


•4478400 


470 


•2J164 


520 


•25628 


•4087147 


570 


•28093 


•4485981 


4'7i 


•23213 


•3657313 
•3666657 


521 


•25677 


•4095443 


571 


•28142 


•4493550 


472 


•23263 


522 


•25727 
•25770 


•4103891 


572 


•28192 


•4501259 


473 


•23312 


•3615795 


523 


•4112155 


573 


•28241 


•4508801 


474 


•23361 


•3684914 


524 


•25825 


•4120^3 
•4128636 


574 


•28290 


•4516329 


475 


•23410 


•3694014 


525 


•25874 


575 


•28339 


•4523845 


476 


•23460 


•3703280 


526 


•25924 


•4137010 


576 


•28189 


•4531501 


477 


•23509 


•3712342 
•3721384 


^*2 


•25973 


•4145221 


577 


•28418 


•4538990 

•4546467 


478 


•23558 


528 


•26022 


•4153407 


578 


•28487 


479 


•23608 


•3730592 


529 


•26072 


•4161743. 


579 


•285?7 
•28586 


•4554083 


480 


•23657 


•3739597 


530 


•26121 


•4169898 


580 


•4561534 


481 


•237C56 


;3748583 


531 


•26170 


•4178037 


581 


•28635 


•4568972 


^^ 


•23756 


•3766682 


532 


•26220 


•4186327 


582 


•28685 


•4576549 
•4583961 


^^ 


•23805 


533 


•26269 


•4194435 


583 


•287H 


484 


•23854 


•3775612 


534 


•26318 


•4202529 


584 


•28783 


•4591361 


485 


•23903 


•3784524 


535 


•26367 


•4210607 


585 


•28832 


•4598748 


486 


•23953 


•3793599 


536 


•26417 
•26466 


•4218835 


586 


•28882 


•4606273 


-^2 


•24002 


•3802474 


537 


•4226883 


587 


•28931 


•4613634 


488 


•24051 


•3811331 


538 


•26515 


•4234916 


588 


•28980 


•4620984 


489 


•24101 


•3820351 


539 


•26565 


•4243098 


589 


•29030 


•46284:0 
•4635045 


490 


•24150 


•3829171 


540 


•26614 


•4251102 


590 


•29078 


491 


•24199 


•3837974 
•3846938 


541 


•26663 


•4259090 


591 


•29127 


.4642958 


492 


•24249 


542 


•26713 


•4267227 
•4275186 


592 


•29177 
•29226 


•4650406 


493 


•24298 


•3855705 


543 


•26762 


593 


•4657694 


494 


•24347 
•24396 


•3864455 


544 


•2681 I 


•4283130 


594 


-•29275 


•4664969 


495 


•3873186 


545 


•26860 


•4291060 


595 


•29324 


•4672232 


496 


•244*6 


•3882078 


546 


•26910 


•4299137 


596 


•29374 


•4670631 
•4686870 


497 


•24495 


•3890774 


547 


•26959 
•27008 


•4?o7038 


597 


•29423 


498 


'24544 


•3899453 


548 


•4314924 


598 


•29472 


•4694096 


499 


•245'M 


•3908292 


549 


•27058 


•4322957 


599 


•29522 


•4701458 
•4708660 


500 


•14643 


•3916936 


550 


•27x07 


•4330815 


600 


•29571 



198 Yards into Knots, 

Table to convert Yards into Knots — continued. 



Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


601 


•29620 


•4715851 


651 


•31084 


•5061885 


701 


•34549 


•f 384)55 


602 


•29670 


•4723175 


652 


•321)4 


•50606^3 
•5016265 


702 


■'I& 


•5)906) 5 


60J 


•29719 


•47?- M* 


653 


•31183 


703 


•53,6782 


^ 


•29768 


•47J7497 
•47446i9 


654 


•32231 


•5082873 


704 


•34697 
•34746 


•5402919 


605 


•29817 


655 


•32281 


•5089470 


705 


•5409048 


fto6 


•29861 
•29916 


•4751916 


656 


•31)31 


'5096101 


706 


•34796 


.5415293 


6o2 


•47590)5 
•476614) 


657 


•31)80 


•5102768 


707 


•34845 


•5421405 


•29965 


658 


•)2429 


•5100336 
•51 16026 


708 


•34894 


•5427508 


609 


•)ooi5 


•477)18) 


659 


•32479 


709 


•34*M 


•54?3726 


610 


•10064 


•4780468 


660 


•31518 


•5111574 


710 


•34993 


•5439812 


611 


•30111 


•4'»87540 


661 


•32577 


•5119111 


711 


•35041 


•5445889 


61 2 


•)oi6) 


•4794745 


662 


•32627 


•5135771 


712 


•35091 


•5452081 


6u 


•|02I2 


•48oi':95 


663 


•32676 


•5142289 


713 


• )5i4i 


•5458141 


614 


•)026l 


•48088)) 


f^ 


•3272? 


•5148797 


714 


•35190 


•5464193 


61 > 


•JOilO 


•4815859 


665 


•32774 


•5155194 


7"5 


•35239 


•5470236 


616 


•jo)6o 


•482)018 


666 


•32824 


•5161915 


716 


•3«i8o 
•35?l8 


•5476394 


617 


•J0409 


•48)0021 


552 


•3287) 


•5168393 
•5174861 


717 


•5482420 


618 


•J0458 


•48)7014 


668 


•32921 


718 


•35387 


•54884)7 


619 


•J0508 


•4844^7 


*^ 


•31971 


•5181453 


719 


•354J7 


•5494569 


620 


•i0557 


•4851 107 


670 


•33021 


•5187902 


720 


•35485 


•5500448 


621 


•30606 


•4858066 


671 


•33070 


•5I94H2 


721 


•355)4 


•5506441 


622 


•J0656 


•4865155 


672 


•))120 


•5200903 


722 


•35584 


•5512548 


623 


•30705 


•4872091 


673 


•33169 


•5107324 


723 


•356)) 


•5518524 


624 


•io754 


•48'790i6 


674 


•3)2l8 


•52I37J5 


724 


•35681 


•5524492 


625 


•30803 


•4885930 


675 


•33267 


•5210136 


725 


•35731 


•5530452 


626 


•3085) 


•489*974 
•4890866 

•4906747 


676 


•3)317 
•3))66 

•33415 


•5226659 


726 


•35781 


•55)6525 


627 
628 


•30902 
•30951 


677 
678 


•5233041 
•5239415 


727 
728 


•358)0 
•35879 


•5542468 
•554840) 


629 


•)I0OI 


•49^757 


679 


•3)465 


•5245908 


729 


•35929 


•5554451 


6jo 


•31050 


•4920616 


680 


•33514 


•5252263 


730 


•35978 


•5560370 


6ji 


•31099 


•4927464 


68x 


•33563 


•5258608 


731 


•36027 


•5566281 


632 


•3II49 


•4934441 
•4941268 


682 


•3)6i) 


•5265073 


732 


•36o7'j 
•36126 


•5572104 


6« 


•JII98 


683 


•33662 


•5271)99 

•5277716 


733 


•5578199 


6)4 


•3I24T 

•31296 


•494808) 


684 


•3)7" 


734 


•36175 


•5584085 


6J5 


•4954888 


685 


•33760 


•5284024 


735 


•36224 


•5589964 


6)6 


•31146 


•4961821 


686 


•3)8lo 


•5290451 


736 


•36274 


•5595954 


6)7 


•Jn95 


•4968605 


687 


•33859 


•5296741 


737 


•36323 


•5601 81 7 


6)8 


•iC444 


•4975)78 


688 


•3)908 


•530)022 


738 


•36)72 


•5607672 


6)9 


•^494 


•4982278 


689 


•33958 


•5)09421 
•5315083 


739 


•36422 


•5613638 


640 


•iJ543 


•4989030 


690 


•34007 


740 


•36471 


•5619477 


641 


•^59* 


•49Q577I 
•5002639 


691 


•34056 


•5321936 


741 


•36520 


•5625308 


642 


•31642 


692 


•34106 


•5328308 


742 


•36570 


•56)1250 


64) 


•rr69i 


•5000)59 
•5016069 


J95 


•34155 


•5334543 


74? 


•36619 


•56)7065 


644 


•31740 


694 


•34204 


•5340769 


744 


•36668 


•5642872 


645 


•31789 


•5022769 


695 


•34253 


•5346986 


745 


•36717 


•5648672 


646 


•3c8)9 


•5020594 
•50)6273 


^ 


•34303 


•5353321 


746 


•36767 


•5654582 


647 


•,r888 


697 


•34352 


•5359520 


747 


•36815 


•5660248 


648 


•3i9n 


•5042941 


698 


•34401 


•5)65711 


748 


•368^5 


.5666142 


649 


•31987 


•50497)5 
•5056247 


699 


•34451 


•5)72018 


749 


•36915 


•5672029 


650 


•32035 


700 


•34500 


•5378191 


750 


•36964 


•5677790 



Yards into Knots, 

Table to convert Yards into Knots — continued. 



199 



Yards. 



751 

752 
753 
754 
755 

756 

757 
758 

759 
760 

761 
762 
763 
764 
765 

766 

':67 
768 
769 
770 

771 
772 

773 
774 
775 

776 

777 
778 

779 
780 

781 

782 

783 

784 
785 

786 
787 
788 

789 
790 

791 

792 

793 
794 
795 

796 

797 
798 

799 
800 



Knots. 



r7oi3 
{7063 
r7ii2 
r7i6i 
(7210 

{7264 
n309 

n358 
{7408 

^7457 

r75o6 
r7556 

r7654 
n70i 

r775J 
r78oj 

{7851 
r79oi 

r795o 

r7999 
{8049 

(8098 

r8i47 
(8190 

(8246 
J8295 
r8j44 
|8J94 
{8443 

(8492 

{8542 

58591 
r8640 

{8689 

58719 
{8788 

f88{7 
{8887 

589J5 

58984 

59"34 
5908J 
»9n2 
)9i8x 

^9280 

59J29 
»9i8j 

r942« 



Log. 



5683543 
5689406 

5695144 

5700874 
5706597 

5712895 
5718136 
5723836 
5729645 
5735330 

5741007 

5746793 
5752456 
5758111 
5763759 

5769515 
5775263 
5780774 
5786507 
57921 18 

5797722 
5803432 
5809022 
5814604 
5820179 

5825860 
5831421 

5836974 
5842634 

5848173 

5853705 
5859?42 
5864860 

5870371 
5875875 

5881484 
5886974 

5892457 
5898044 
5903402 

« 908864 
5914411 

5919879 
5925320 

5930755 

5936294 
5941715 

5947129 
5953088 
5958047 



Yards. 



Sox 
802 
803 
804 
805 

806 

807 
8c8 

810 

811 
812 

813 
814 

815 

816 

817 
818 
819 
820 

821 
822 
823 
824 
825 

826 
827 
828 
829 
830 

831 
832 

833 
834 
835 

836 

837 
838 

839 
840 

841 
842 
843 

844 
845 

846 
847 
848 
849 
850 



Knots. 



39477 
39527 
39576 
39625 
39674 

39724 
39773 
39822 
39872 
39921 

39970 

40 20 
40069 
401 18 
40167 

40217 
40266 
40315 
40365 
40414 

40463 

40513 
40562 
40611 
40660 

40710 

40759 
408 8 
40858 
40907 

40956 
41006 
41055 
41 104 
4"53 

41203 
41252 
41301 

41351 
41400 

41449 

41499 

41 49 

41646 

41696 

41745 

41794 
41844 

41893 



I-og. 



5963441 
5968939 

5974JI9 
5979693 
5985060 

5990530 
5995884 
600123 I 
6006680 
601 2014 

6017341 

6022771 
6028085 

6033393 
6038694 

6044097 

6049385 
6054667 
6060050 
6065318 

6070581 

6075944 
6081194 

6086^37 
6091674 

609701 I 
6102235 
6107453 
6112771 
61 I 7976 

6123175 
6128474 
6133661 
6138841 
6144015 

6149288 

6154450 
6159606 
6164860 
6170003 

6175141 
6180376 

6185606 

6190620 

6195733 

62C0944 
62<^6o45 
621 I I 39 
6216332 
6221415 



Yards. 



851 
852 
853 

855 

856 

857 
858 

859 
860 

86x 
862 

863 
864 

865 

866 
867 
868 
869 
870 

871 
872 

873 

874 
875 

876 
877 
878 
879 
880 

881 
882 
883 
884 
885 

886 
887 
888 
889 
{190 

891 
892 
893 

894 
895 

896 
897 
898 

899 
900 



Knots. 



41942 
41992 
42041 
42090 
42139 

42189 
42238 

42287 

42337 
42385 

4M34 
42484 

42533 
42582 

42631 

42681 
42730 

42779 
42829 

42878 

42927 

42977 
43026 

43075 
43124 

43174 
43223 
43272 
43322 
43371 

43420 

43470 

43519 
43568 
43617 

43667 
43716 
43765 
43815 
43864 

43953 
43963 
44012 
4461 
441 10 

44160 
44209 
44258 
44308 
44357 



Log. 



'62264QI 
•6231666 
•6236730 
'6241 "789 
•6246842 

•6251992 

•6257033 
•6262069 
•6267201 
•6272122 

•6277140 
•6282254 
•6287260 
•6292261 
•6297255 

•6302346 
•6307329 
•6312306 

•6317379 
•6322345 

•6327305 
•6332361 
•6337310 
•6342253 
•6347190 

.6352223 

•63*7149 
• ''362070 

•6367085 
•6371994 



•6376898 
•6381896 
•6386780 
•6391670 
•63^6558 



•64-1534 
•6406404 

•641 I 269 

•6416228 

•6421082 

•6425931 

•6430873 

•64357" 
•6440543 

•6445371 

•6450291 
•6455107 

•6459918 
•6464821 
•6469622 



20O Yards into Knots, 

Table to convert Yards into Knots — <onHrmal. 



Yank. 



Knots. 



902 

906 

907 
906 

909 
910 

yi 
912 

9n 

914 
915 

916 

r 917 
918 

919 

920 

921 
922 

9>I 
924 

995 

926 
927 
928 
929 
910 

9J« 
9n 
9M 

9M 
9J5 

9i6 
917 
9J8 

919 
940 

941 
942 

941 
944 
945 

946 

947 
948 

949 
9SO 



*444P6 
•44456 
•44505 

•44554 
•44603 

•44*51 
•4470a 

•44751 
•44toi 

*44»5o 
•44800 

'4JOJQ 

•4499« 

•45047 
•45096 

•45146 
•45195 
•45244 
•45*94 
•4514J 

•45J9* 
•4544a 
•454*1 
•45540 
•45589 

•456?9 
•45688 

•457J7 
•45787 
•45815 

•45884 

•459?4 
•4598? 
•46012 
•46081 

•46il» 
•46180 

•46229 
•46270 
•46128 

•46^77 

•46476 
•46525 
•46574 

•46624 
•46671 
•46722 
•46772 
•46821 



Log. 



Yards.' Knots. 






•6474417 
•6479104 
•6484088 
•6488867 
•649164X 

'649R506 
•6501270 
•6508027 
•6512877 
•6517624 

•6522167 
•6527200 
•65^1912 
'65 16659 
•6541380 

•654^19? 
•6550904 
•6555610 
•656Q<y>7 
•6565101 

•6569791 

•6574574 
•6579255 
•658?930 
•658860Z 

•6591361 
•6598021 
•6602677 
•6607422 
•661 1972 

•6616611 
•6621141 
•6625973 
•6630598 
'6635219 

•6639929 

•6644539 
•6649145 

'665384P 

•6658416 

•6661027 
•6667706 
•6672287 
•6676864 
•6681435 

•6686095 
•6690657 
•6694214 
•6699859 

•6704^ 



951 
952 
953 
954 
955 

956 
957 
95« 

959 
960 

^" 
965 

969 

970 

971 

972 

971 

974 
975 

976 

977 
978 

979 
980 

98X 
982 

981 
984 

985 

986 
987 
988 
989 
95P 

991 
992 

991 
994 
995 

996 

997 
9>*8 

999 
1000 



*46a70 

•46920 
•46960 
•47018 
•47067 

•47112 
•47166 
•47215 
•47265 

•47IH 

•47?63 

•474J1 
•47462 
•47511 
•47560 

•47610 

•47659 
•47708 

•47758 
•47807 

•47856 

•47906 

•47955 
•48004 

•48051 

*48i03 
•48152 
•4820X 
•48251 
'48100 

•48149 
•4B199 
•48448 
•48497 
•4^346 

•48596 
-48645 
•48694 

•48T44 
•4879* 

•48843 
•48892 
•48941 
•48990 

•^49019 

-49080 
•49138 
•49187 

•49 '37 
•49285 



Log. Yaxds. 



•6708950 
•6711580 
•6718111 
•6722642 
•6727165 

.6731776 
•6716290 
'67^)800 

•6745397 
•6749897 

•6754392 

•6758974 
•6761460 

•6767942 
•6772418 

•6776982 

•6781449 
•6785912 
•6790461 
•6794915 

'6799364 

•6801899 

•6808339 

•6812774 
•6817205 

•6821722 
•6826143 
•6810560 
•6835061 
'6819471 

•6841875 
•6848364 

-6852759 
•6857149 
•6861515 

•6866005 
•6870382 

•6874755 
•687^212 

'6881S75 

•6887934 
•6892378 
•6896728 
•6901074 
•6905416 

•6x9842 
•6914175 
•6918503 
•6922916 
•6927148 



1001 
1002 
xooi 
1004 

1005 

1006 

1007 
1006 
1009 

lOlO 

soil 

IOI2 
IOI3 
1014 

i(»5 

1016 
1017 
1018 
X019 
1020 

1021 
1022 
1021 

1024 
1025 

1026 
1027 
1028 
1029 
1010 

1011 
1012 
1011 
1014 
1015 

1016 

1037 
1018 
1039 
1040 

1041 
1042 

1041 
1044 
104$. 

XO46 
1047 
1048 
1049 

xoso 



Knots. 



•49334 

•49384 
•49433 
•49482 
•49511 

•49581 
•49610 

•49679 
•49720 

•49778 

•49827 
•49877 
•49926 

•49975 
•50004 

.50074 
•50123 
•50172 
•50222 
•50271 

•50J20 
•50370 
•50419 
•50468 

•50517 

•50567 
•50616 
•50665 

•50715 

•50764 

•50811 
•50863 
•50912 
•50961 
•51010 

•51060 
-5110a 

•51158 
•51208 
•51257 

•51106 
•51156 
-51405 

•51454 
-51503 

•51551 

•51602 
•51651 
•51701 
•517SO 



Log. 



•6911461 
•6915861 
•6940170 

■6944472 
•6948771 

■6951153 

'6957443 
•6961728 
•6966097 

'6970374 

■6974647 
•6979001 

'6983268 
■6987528 
•6991784 

•6996121 

•7000371 
•7004614 
•7008940 
'7013175 

•7017406 
•7021720 
'7025942 
'7030161 
•7014376 

•7018672 
■7042878 
•7047080 
•7051164 
•7055558 

'7059»748 

•7064020 

7068202 

7072379 
7076551 

7080808 

7084974 

'7089136 

•7093178 

•7097SJ2 

•710x682 
•7105912 
•7110054 
•7114191 
•71 I 8125 

■7122539 
•7126665 
•7130787 
•7114989 

'7»i9><H 



Yards into Knots. 

Table to convert Yards into Knots — continued. 



20 J 



Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


Yards. 


Knots. 


Log. 


1051 


•51799 


•71432x4 


IlOX 


•54263 


•7345038 


"51 


•56727 


•7537898 


1052 


•51849 


•7147404 
•7151506 


1 102 


•54313 


•7349038 


1152 


:^IZ 


•7541724 


1053 


•51898 


1103 


•54362 


•7352954 
•7356867 

•7360776 


1 153 


•7545471 


1054 


•51947 
•51996 


•7155605 


1104 


•544" 


"54 


•56875 


•7549214 


1055 


•7159699 


1105 


•54460 


1x55 


•56924 


•7552954 


1056 


•52046 


•7163874 
•7167960 


1 106 


•54510 


•7364762 
•7368664 


XX56' 


•56974 


•7556767 


1057 


•52095 


1107 


•54559 


"57 


•57023 


•756050X 


1058 


•52144 


•7172043 


1108 


•54608 


•7372563 


1158 


•57072 


• 756423 X 
•7568o?4 


1059 


•52194 


•7176206 


1109 


•54658 


•7376537 


"59 


•57122 


1060 


•52242 


•7180198 


IlIO 


•54707 


•7380429 


xx6o 


•57171 


•7571758 


1061 


•52291 


•7184269 


IIIX 


•54756 


•738^317 
•738828X 


xx6i 


•57220 


•7575479 


1062 


•52341 


•7188420 


III2 


•54806 


1162 


•57270 


•757927s 


1063 


•52390 


.7192484 


1113 


•54B55 


•7392162 


1163 


•57319 
'57368 


•7582086 
•7586697 


1064 


•524?9 


•7196544 


III4 


•54904 


•7396040 


1164 


X065- 


•52488 


•7200600 


1115 


•54953 


•7399914 


1165 


•57417 


•7590405 


1066 


•52538 


•7204735 


11x6 


•55003 


•7403864 


1166 


'57467 
•57516 


•7594185 


1067 


•52636 


•7208784 


1117 


•55052 


•7407731 


1167 


•7597887 


1068 


•7212829 


1118 


•5510X 


•74"595 


1168 


•57565 


•7601585 


1069 


•52686 


•7216952 


1119 


•55151 


•7415534 


1169 


•57615 


•7605356 


1070 


•52735 


•7220990 


1120 


•55200 


•741939X 


1x70 


•57664 


•7609048 


107 1 


•52784 


•7225023 


1 121 


•55249 


•7423244 


IX7X 


•57713 


•76x2737 


1072 


•52834 


•7229155 


1122 


•55299 


•7427173 


1172 


•57763 


•7616407 
•7620180 


1073 


•52883 


•7233 161 


1 123 


•55348 


•7431019 


"73 


•57812 


1074 


•52932 


•7237183 


1124 


•55417 
•55446 


•7436430 


"74 


•57861 


•7623859 
•7627536 


1075 


•5298X 


•7241202 


1125 


•7438702 


"75 


•579x0 


X076 


•5303X 


•7M5298 


XX26 


•55496 


•7442617 


1176 


•57960 


•7631284 


1077 


•53080 


•724930Q 
•7253316 


XI27 


•55545 


•7446450 


"77 


•58000 
•58058 


•7634954 
•1638621 


1078 


•53129 


XX28 


•55594 


•7450279 


1178 


1079 


•53179 


•7257402 


1x29 


•55644 


•7454183 


"79 


•58108 


•7642359 


1080 


•53228 


•7261401 


1x30 


•55692 


•7457928 


1180 


•58157 


•7646020 


io8x 


•532';7 


•7265398 


XX3X 


•55741 


•7461748 


ii8x 


•5820^ 


•7649678 


1082 


•53327 
•53370 


•7269472 
•7273460 


X132 


•55791 


•746564X 


XX82 


•58256 


•7653407 


1083 


1133 


•55840 
•55889 


7469454 


1183 


•58305 


•7657058 


1084 


•53425 


'7277445 


"34 


•7473263 


1184 


'58354 


•7660706 


1085 


•53474 


•7281427 


"35 


•55938 


•7477069 


1x85 


•58403 


•7664352 


X086 


•53524 


♦7285486 


1x36 


;55988 


•7480950 


X186 


•58453 


•7668068 


1087 


•53573 


•7289460 


1137 
XX38 


•56086 


•7484749 
•7488545 


1187 


•58502 


•7671707 


X088 


•53622 


•7293430 


1188 


•58551 


•7675343 


X089 


•53672 


•7297478 


X139 


•56x36 


•7492415 


1189 


•58601 


•7679050 


1090 


•5372X 


.7301441 


1140 


•56x85 


•7496204 


1190 


•58650 


•7682680 


X09X 


•53770 


•7305400 


IX4X 


•56234 


•7499990 
•7503850 


X19X 


•58699 


•7686307 


1092 


•53820 


•7309437 


1 142 


•56284 


X192 


•58749 
•58798 

•58850 


•7690005 


1093 


•53869 
•53918 


•7313389 


"43 


•56333 


•7507629 


XX93 


•7693626 


1094 


•7317338 


"44 


•56382 


•7511405 


"94 


•7696505 


X095 


•53967 


♦7321283 


"45 


•56431 


•7515177 


"95 


•58896 


•7700858 


X096 


•5403 
•5466 


•7325305 


1x46 


•5648X 


•7519024 


X196 


•58946 


•7704543 


X097 


•7329242 


"47 


•56530 


•7522790 


"97 


•58995 


•7708152 


1098 


•54IJ5 


•7333177 


XX48 


•56579 


•7526553 


1198 


•59044 


•7711758 


1099 


•54165 


•7337187 


"49 


•56629 
•5667? 


• 75303 'I9 


"99 


•59094 


•7715434 


xxoo 


•54214 


•734"i5 


X150 


•7534145 


1200 


•5914* 


•77x8960 



202 Yards into Knots. 

Table to convert Yards into Knots — coniintied. 



Yards. 



I20I 
I202 
I20J 
1204 
X205 

1206 

X207 
X2o8 

1209 

X210 

I2II 
I2I2 
I2Ij 
I214 
X2I5 

X2l6 
I217 
X2l8 
X219 
X220 

X22I 
1222 
I22i 
1224 
1225 

X226 
1227 
1228 
1229 
1230 

12 j I 
1232 

I2J4 
X235 

I2j6 
I2J7 
I2j8 

1259 
1240 

1241 
1242 
124? 
1244 
1245 

X246 
1247 
1248 
1249 
1250 



Knots. 



•59191 

•59241 
•59290 

•59"9 
•59iW 

•594J8 

•59487 

•595 JO 
•59586 

•59635 

•59684 

•597|4 
• 59*783 
•59832 
•59881 

•59931 
■59980 
•60029 
•60079 
•60128 

•60177 

•6o22T 
•60276 
■60^25 
•60374 

•60424 
•60473 
'60522 

■60572 
•60621 

•60670 
•60720 
•60769 
•60818 
•60867 

■60966 
•61015 
•61065 
•61II4 

•61163 
•61213 
•61262 

•6m7 
•61360 

•61410 
•61459 
•61508 
•61558 
•61607 



Log. 



Yaxds. 



7M557 
726224 

729815 

73340* 
736987 

740642 
744221 

747797 

75144* 

75501a 

758579 
762216 

765777 

769335 
772890 

776515 
780065 
783611 
787227 
790768 

794J05 
797912 
801444 
804973 
808500 

812095 
815615 

819133 
822719 
826231 

829740 
833318 
836821 
840321 
843819 

847385 
850877 
854366 

857924 
861407 

864888 
868437 
871912 
875809 
878854 

882391 

885855 
889316 

892845 
896301 



Knots. 



251 
252 
253 
254 
255 

256 

^H 
258 

259 
260 

261 
262 
263 
264 
265 

266 
267 
268 
269 

270 

27X 
272 
273 
274 
275 

276 

277 
278 

279 
280 

281 
282 
283 
284 
285 

286 
287 
288 
289 
290 

291 

292 

293 

294 
295 

296 

297 
298 

299 
300 



61656 
61706 

61755 
61804 

61853 

61903 
61952 
62001 
62051 
62100 

62149 
62199 
62^48 
6229*7 
62346 

62396 
62445 
62494 
62544 
62592 

62641 
62691 
62740 
62789 
62838 

62888 

629?7 
62987 
63030 
63085 

63134 
63184 

632 J 3 
63282 
63331 

63381 
63430 

63479 
63529 
63578 

63627 
63677 
63726 

63775 
63824 

63874 
63923 
63971 
64022 
64071 



Log. 



7899753 

7903274 
7906721 
7910166 
7913608 

7917117 
7920553 

7923987 
7927488 
7930916 

7934HI 

7937834 

7941254 
7944671 

7948086 

7951567 
7954977 
7958383 
7961857 
7965188 

7968587 
7972052 

7975445 
7978836 

7982224 

7985678 
7989060 
7992509 
7995886 
7999261 

8002633 

8006071 
8oo94?8 
8012802 
8016163 

8019591 
8022262 
8026301 
8029720 
8033069 

80)641^ 

8039826 
804 J 167 
8046505 
8049840 

8053241 
8056571 
8059899 
8063292 
8066615 



Yards. 



01 
02 
03 

04 
05 

06 

07 
08 

09 
10 

II 
12 
13 
14 
15 

16 

17 
18 

19 
20 

21 
22 
23 
24 
25 

26 

27 
28 

29 
30 

31 
32 
33 
34 
35 

36 

37 
38 

39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 



Knots. 



64120 
64170 
64219 
64268 
64317 

64367 
64416 
64465 
64515 
64564 

64613 
64663 

64761 
64810 

64860 
64909 
64958 
65008 

65057 

65106 
65156 
65205 
65254 
65303 

65353 
65402 
65451 
65501 
65550 

65599 
65649 
65698 

65747 
65796 

65846 

65895 
65944 

65994 
66042 

66091 
66141 
66190 

662 J9 
66288 

66338 
66387 
66478 
66486 

66535 



Log. 



'8069935 

'8073320 
'8076635 
•8079948 
'8083258 

■8086633 
'8089938 
' 809)240 
'8096607 
•8099904 

'8103 199 
'8106558 
'8109848 

•8113135 
'8116420 

•81 19769 
'812304Q 
'8126326 
'8129668 
'8132940 

'8136210 

'8139544 
'8142809 

'8146071 
'8149331 

'8152655 
'81 55910 
'8159163 
'8162479 
'8165727 

'8168972 

'8172281 

'8175521 

'8178759 
•8i8i<^95 

'8185294 
'8188525 

•8191753 
'8195045 
'8198202 

'8201423 
'8204708 
'8207924 
'8211138 
•8214349 

'8217624 
'8220830 
'8224166 
'8227302 
'8230502 



Yards into Knots, 

Table to convert Yards into Knots — continued. 



203 



Yards. 



n52 

1355 

U56 
1557 
1358 

IJ59 
1360 

1361 
i;62 
I36i 
1364 
U65 

Ij66 

1567 
i?68 
1369 

1370 

IJ7I 

1372 
i?73 
1374 
1375 

1376 

1377 
1378 

1379 
1380 

1381 
1382 
1383 
1384 
1385 

1386 
1387 
1388 
1389 
1390 

1391 
1392 
1393 
1394 
1395 

1396 
1397 
1398 

1399 
1400 



Knots. 



•66584 
•666?4 
•66683 
•66732 
■66781 

■668JI 
•66880 
•66929 

•66979 
•67028 

•67077 
•67121 
•67176 
•67225 
•67274 

•67324 

•67373 
•67422 
■67472 
•67521 

•67570 
•67620 
•67669 
•67718 
•67767 

•67817 
•67866 
•67915 
•67965 
•68014 

•68063 
•68113 
•68162 
•68211 
•68260 

•68? 10 

•68359 
'68408 

•68458 

•68507 

•68556 
•68606 

•68655 
•68704 

■68753 

•68803 
•68852 
•68901 
•68951 
•69000 



Log. 



8233699 
8236959 
8240151 

8243341 
8246529 

8249780 
8252963 
8256143 
8259387 
8262563 

8265736 
8268972 
8272141 
8275308 
8278473 

8281699 
8284859 
8288016 
8291236 
8294389 

82975 J9 
8300752 

8?03898 

8307041 

8310183 

8313386 
8116523 
8319657 
8322853 
8325983 

83 291 I I 

8}3230O 

8335423 

8338544 
8J41663 

8344843 

8H7957 
835'io69 

8354242 
8357349 

8160455 
836}62i 

8366722 

8369820 

8372917 

8376074 
8379166 
8382255 
8385406 
8308491 



Yards. 



401 
402 
403 
404 
405 

406 
407 
408 
409 
410 

411 
412 

413 
414 

415 

416 

417 
418 
419 
420 

421 
422 

423 
424 
425 

426 

427 
428 

429 
430 

431 
432 
433 
434 
435 

436 

437 
438 

439 
440 

441 
442 
443 
444 
445 

446 

447 

448 

449 
450 



Knots. 



69049 
69099 
69148 
69197 
69246 

69296 
69345 
69J94 
69444 
69492 

69541 

69591 
69640 
69689 
69738 

69788 
69817 
69886 
69936 
69985 

70034 
70084 
701 ?3 
70182 
70231 

70281 
70330 

70379 
70429 

70478 

70527 

70577 
70626 

70675 

70724 

70774 
70823 

70872 

70922 

7C971 

71020 
71070 
71119 
71168 
71217 

71267 
71316 
71365 
71415 
71464 



Log. 



Yards, 



8391574 
8394718 

8397796 
8400873 

8403947 

84070B2 
8410152 
8413219 
8416347 
8419348 

8422409 

8425531 
8428588 
8411642 
8434695 

8437808 
8440856 
8443902 
8447008 
8450050 

8453089 
8456189 
8459224 
8462257 
8465289 

8468379 
8471406 

8474431 

8477515 
8480536 

8483554 
8486632 

8489646 

8492658 

8495668 

8498737 
8501743 

8504747 
8507810 

8510809 

8513807 
8516863 
8519856 
8529848 

8522837 

8528885 
8531870 
85J485J 
8537894 
8540873 



451 

452 

453 
454 
455 

456 

457 
458 

459 
460 

461 
462 
463 

464 
465 

466 

467 
468 

469 

470 

471 
472 
473 
474 
475 

476 

477 
478 

479 
480 

481 
482 
483 

484 
485 

486 

487 
488 

489 
490 

491 
492 
493 
494 
495 

496 

497 

498 

499 
500 



Knots. 



71513 
71563 
71612 
71661 
71710 

71760 
71809 
71858 
71908 
71957 

72006 
72056 
72105 

72154 
72203 

72253 

72J02 
72351 
72391 
72450 

72499 
72549 
72598 
72647 
72696 

72746 
72795 
72844 
72894 
72942 

72991 
73041 
73090 

73139 
73188 

73238 
73287 
73336 
73386 

73435 

73484 
73534 

73582 

73632 
73681 

73731 

73780 
73829 

73879 
73928 



Log. 



.8543850 
'8546885 
•8549858 
•8552829 

•8555797 

•8558824 
•8561789 

•8564751 
•8567772 
'8570730 

'8573687 
'8576701 

•8579054 
'8582604 

•8585552 

•8588559 
•8591503 

•8594445 
•859 846 

'8600384 

'8603320 
'8606314 
'8609247 
'8612177 
•861 5105 

•8618091 
•8621016 
•8623938 
'8626918 
•8629777 

•8632693 
'8635667 
'8638580 
'8641490 

•8644399 

'8647365 
'8650269 

'8653172 
'8656132 
•8659031 

'8661928 
'8664882 
'8667716 
'8670666 
•8673555 

•8676501 
•8679387 
•8682270 
•8685210 
•8688090 



204 Yards into Knots. 

« 

Table to convert Yards into Knots — continued. 



yards. 



Knots. 



1502 
150? 
1504 
1505 

1506 
1J07 
1508 
1509 
1510 

1511 
151a 
I5ii 
"514 
1515 

i$i6 

1517 
1518 
1519 
1520 

1521 
1522 

1523 
1524 

1525 

1926 
1527 
I $28 
1529 
i5io 

15?2 

I5« 
I5M 
I5J5 

i5J6 

I5?7 
i5J8 

X5i9 
1540 

1541 
1542 
1543 
1544 
1545 

1546 

1547 
1548 

>549 
1550 



•7W7 
•74025 
•74076 
•74125 
•74174 

•74224 

•7427i 
•74J22 

•74172 
•74421 

•74470 
•74520 

•74560 

•74618 

•74667 

•74717 
•74760 

•74865 
•74914 

•74961 
•75013 
•7562 
•75III 

•75160 

•75210 

•75259 

•75J08 
•75M8 

•75407 

•75456 
•75506 

•75555 
•75604 

•75653 

•75703 
•75752 
•75801 

•75851 

•75899 

•75948 

•75998 
•76047 
•76096 

•76145 

•76195 
•76244 
•76293 

•76341 
•76i92 



I 
Log. lYaxds. 



8690967 
869190X 
8696775 
8699647 
8702517 

8705444 
87081 10 

8711174 
8714095 
8716955 

8719814 
8722728 

8725583 
8728436 

8731287 

8734194 
8737041 
8739887 
8742^88 
8745630 

8748470 
8751365 
8754201 

8757015 
8759868 

8762756 
8765584 
876841 I 

8771294 
8774117 

87769J8 

8779815 
8782632 

8785448 
8788262 

8791131 

8793941 

8796749 
8799613 

88o2i6x 

8805163 
8808022 
8810821 
8813618 
8816414 

8819265 
8822057 
8824847 
8827692 

88J0479 



I55I 

1552 
1553 
1554 
1555 

1556 

1557 
1558 

1559 

1560 

1561 
1562 

1563 
1564 
1565 

1566 

1567 
1568 
1569 
1570 

1571 

1572 

1573 

1574 
1575 

1576 

1577 
1578 

1579 
1580 

1581 
1582 

1583 
1584 
1585 

1586 
1587 
1588 
1589 
1590 

1591 
1592 
1593 
1594 
1595 

1596 

1597 
1598 

1599 
1600 



Knots. 



6441 
6491 

6540 
6580 
66j8 

6688 

6'; 37 
6186 

68 ;6 
6885 

6934 
6984 

7033 
7082 

7131 

7181 

7230 

7279 
7329 

7378 

7427 
7477 
7526 

7575 
7624 

7674 
7723 
7772 
7822 
7871 

7920 

7970 
8019 
8068 
81x7 

8167 
8210 
8265 

8315 
8364 

8415 
8463 
8512 
8561 
8610 

8660 
8709 
8758 
8808 

8857 



Log. 



pTards. 



8833264 
8836103 
8838885 
8841664 
8844442 

8847274 
8850048 
8852820 

8855647 
8858416 

886118J 
8864005 
8866768 
8869530 
8872290 

8875104 
8877860 
8880615 

8883424 
8886175 

8888924 
8891728 

8894474 
8897218 
8899960 

8902757 
8905496 

8908233 
8911024 

8913758 

8916489 
8919275 
8922004 
8924731 
8927456 

8930234 
8932956 
8935676 
8938450 
8941 166 

8943991 
8946649 
8949360 
8952070 
8954778 

8957539 
8960244 

8962947 

8965703 
896840J 



60X 
602 
603 

605 

606 

607 
608 

610 

611 
612 
613 
614 

615 

616 
617 
618 
619 
620 

62X 
622 
623 
624 
625 

626 
627 
6:8 
629 
630 

631 
632 

633 

635 

636 

637 
638 
639 
640 

641 
642 
643 

645 
646 

648 

649 
650 



Knots. 



78906 
78956 
79005 

79054 
79103 

79153 
79202 
79251 
79301 
79349 

79398 
79448 
79497 
79546 
79595 

79645 
79694 

79743 
79793 
79842 

79891 
79941 
79990 
08039 
80088 

80138 
8 187 
80230 
80286 
80335 

80384 
80434 
80483 
80532 
80581 

80631 
80680 
80729 

80779 
80828 

80877 
80927 
80976 
81025 
8x074 

8x124 

81173 
81222 
81272 
8X321 



Log. 



'8971100 

'8973851 
•8976546 
'8979238 
'8981930 

'8984674 
'898736X 

•8990048 

•8992787 

•8995415 

•8998096 
•9000830 
•9003507 
'9006183 
•9008858 

•901x585 
■901A256 
'9016926 
'9019648 
'90223x4 

•9024979 
•9027696 

•9030357 
•90330x7 

•9035674 

'9038385 
•9041040 
•9043693 
•9046398 
•9049048 

•905x696 

•9054397 

'9057042 

'9059685 
•9062327 

•9065020 

'9067659 
•9070296 

•9072985 
•9075618 

'9078250 
•9080934 
9083563 
•9086x90 
•90888x6 

•9091494 
•90941 16 

•9096737 
•9099409 

'9x02027 



Yards into Knots, 

Table to convert Yards into Knots — continued. 



20S 



Yards. 



651 
652 

655 
654 
655 

656 
657 
658 
659 
660 

661 
662 
66j 
664 
665 

666 

667 
668 
669 
670 

671 
672 
673 
674 
675 

676 
677 
678 
679 
680 

681 
682 
683 
684 
685 

686 
687 
688 
689 
690 

692 
69J 

695 
696 



699 
700 



Knots. 



81370 
81420 
81469 
81518 
81567 

81617 
81666 

81715 
81765 

81814 

81863 
81913 
81962 
8201 1 
82060 

821 10 

82159 
82208 
82258 
823=7 

82356 
82406 

82455 
82504 

8255i 

82603 
82652 
82701 
82751 
82799 

82848 
82898 

82947 
82996 

83045 

83095 
83144 
83195 
83243 
83292 

83541 

83591 

83440 

83489 
83558 

83588 

83637 
83686 
85756 
83785 



Log. 



Yards. 



9104643 
9107311 
9109924 

91 12535' 
9115145 

9117806 
9120413 
9123018 
9125674 
9128276 

9130877 
9135528 
9136125 
9138721 
9MI5I5 

9143961 
9146551 
9149141 
9151781 
9154568 

9156952 
9159588 
9162 I 70 
9164750 
9167329 

9169958 

9172554 
91 75 108 

9177755 
9180251 

9182820 
9185441 
9188007 
9190572 
9195155 

9195749 
9198509 

9200868 

9203477 

9206033 

9208587 
92 I I 192 

9215745 
9216295 

9218841 

9221439 

9225984 
9226528 
9229122 
9251663 



CI 

02 
05 
04 
05 

06 

07 
08 
09 
10 

II 
12 
15 
14 
15 

16 

17 
18 

19 
20 

21 
22 
25 

24 
25 

26 

27 

28 

29 

50 

51 
52 

55 
54 
55 

56 

57 
58 

59 
14D 

41 

42 

45 
44 
45 

46 

47 
48 

49 
50 



Knots. 



•83854 
'83884 

•83955 
'83982 
'84031 

'84081 
'84130 
•84179 
•84229 
•84278 

•84527 

•84577 
•84426 

•84475 
•84524 

•84574 
'84623 
•84672 
•84722 
•84771 

•84820 
•84870 
•84919 
•84968 
•85017 

•85C367 
•85116 
•85165 

•85215 
•85264 

•85515 
•85363 
•85412 
•85461 
•85510 

•85560 
•85609 
•85658 
'85708 
•85757 

•85806 

•85856 

•85905 

•85954 
•86003 

•86053 
•86102 
•86151 
•86201 
•86249 



Log. 



9234202 
9250791 
9239527 
9241862 

9244595 

9246979 
9249509 
9252038 
9254616 

9257142 

9259667 
9262241 
9264702 
9267282 
9269800 

9272369 
9274884 
9277598 
9279962 
§282473 

9284983 
9287542 
929C049 

9292554 
9295058 

929761 I 
93001 12 
9302612 
9305160 
9307657 

9310152 
9312607 
9315189 
9317680 
9320169 

9322708 

9525194 
9327679 
95502ii 
9332696 

9555177 
9557707 
9340184 
9342661 
9545156 

9347660 
9350152 
9552^^5 
9555125 
9557541 



Yards. 



Knots. 



Log. 



51 
52 
55 
54 

^$ 

56 

57 
58 

60 

61 
62 
65 

65 

66 

67 
68 

''9 
70 

71 
72 
75 
74 
75 

76 
77 
78 

79 
80 

81 
82 
85 
84 
85 

86 

87 
88 

89 
90 

91 

92 

95 

794 

95 

.96 

98 

99 
800 



86298 
86348 

86397 
86446 

86495 

86545 

86594 
86643 
86693 
86742 

86791 
86841 
86890 
86939 
86988 

87038 
87087 
87156 
87186 

87255 

87284 

87554 

87585 
87452 
87481 

875?i 
87580 
87629 

87679 
87728 

87777 
87827 
87876 
87925 
87974 

88024 
88073 

88122 

88172 

88221 

88270 
88320 
88369 
88418 
88467 

88517 
88566 
88615 
88665 
88714 



•9560007 
•9562523 
•9364987 
•9367449 
•9369910 

•9372420 
•9374878 
•9577555 
•9379840 
•9382294 

•958474*7 
•9387248 

•9589698 
'9392146 

•9594595 

•9597089 
•9599555 
•9401976 
•9404468 
•9400908 

•9409546 
•9411834 
•9414270 
•9416704 

•9419157 

•9421619 

•9424049 
•9426479 

•9428956 

•9431382 

•9455807 
•9436280 
•9458705 
•9441124 
•9445545 

'944601 I 
'9448428 
•9450843 
•9455507 
•9455720 

•9458151 
•9460591 

•9462999 
•9465407 

•9467815 

•9470267 
•9472670 
•9475072 
•9477522 
•9479922 



. 



2o6 Yards into Knots. 

Tablk to convert Yards into Knots — continued. 



Yards. 



1801 
i8oa 
1803 
1804 
18:5 

x8o6 
1807 
1808 
18:9 
x8io 

1811 

I8l2 

1813 
1814 
1815 

1816 
1817 
1818 
1819 
1820 

i8si 

1B22 
1823 
1824 
1825 

1826 
1827 
1828 
1829 
i8jo 

i8ji 
1832 
i8n 
i8?4 
i8i5 

1836 
i8j7 
1838 
1839 
1840 

1841 
1842 
184? 
1844 
1845 

1846 
1847 
1848 
1849 
1850 



Knots. 



8876J 
88813 
88862 
8891 1 
88960 

89010 
890J0 
89108 
89158 
89207 

89256 
89306 

89155 
894^4 

89453 

89503 
89552 
89601 
89651 
89699 

89748 
89798 

89847 
89896 

89945 

89995 
90044 

90093 
90143 
90192 

90241 
90291 
90340 
90389 
90438 

90488 

905J7 
90586 
90636 
90685 

907J4 
90784 

90833 
90882 
90931 

90981 
91030 
91079 
91 129 
91178 



Log. 



Yards. Knots. 



9482320 
9484765 
9487161 
9489555 
9491948 

9494J88 

9496778 
9499167 

9501603 
9503989 

9506374 
9508806 
9511189 

95135^9 
9515949 

9518376 
9520753 
9523129 

9525551 
9527876 

95302^ 
9532667 
9535036 

95J7404 
9539770 

9542184 

9544548 
9546910 
9549]2o 
9551680 

9554039 
9556445 
9558801 
9561 I 56 
9563509 

9565910 
9568261 
957061 I 
9573007 
9575355 

9577701 
9580093 
9582437 

9584779 
9587120 

9589507 
9591845 
9594183 
9596566 
9598901 



851 
852 

85? 
854 
855 

856 

857 
858 

859 
860 

861 

862 
863 
864 
865 

8*6 
867 
868 
869 
870 

871 

872 

873 
874 
875 

876 

877 
878 

879 
880 

881 
882 
883 
884 
885 

886 
887 
888 
889 
890 

891 

892 
893 
894 

895 

896 

897 
898 
899 
900 



91227 
91277 

9n26 

91375 
91424 

91474 
91523 

91572 

91622 
91671 

91720 

91770 

91819 

91868 
9I9I7 

9i9'>7 
92016 
92065 

92115 
92164 

92213 
92263 
92312 
92361 
92410 

92460 
92509 
92558 
92608 
92656 

92705 
92755 
92804 

92853 
92902 

92952 
93001 
9J050 
93100 

93149 

93198 

9324 < 

93297 
93346 

93395 

93445 
93494 
93543 
93593 
93642 



'Log. 



■9601234 
*96o36i4 

•9605944 
•9608274 

•9610602 

•9612977 
•9615302 
79617627 
•9619998 
'9622320 

•9624640 
•9627007 
•9629326 
•9631643 
•9633958 

•9636320 
•9638634 
•9640946 
•9643304 
•9645613 

•964792* 
•9650276 
•9652582 
•9654886 
•9657190 

•9659539 
•9661840 

•9664140 

•9666485 

•9668735 

•9671032 

•9673373 
•9675667 
•9677959 
•9680251 

•9682587 
•9684876 
••9687 164 
•9689497 
•9691782 




>l62 

•9698677 
•9:00957 
•9703236 

•9705561 
•9707837 

•97I01I3 

•9712434 

•9714707 



Yaids. 



901 
902 

903 
904 

905 

906 

907 
908 

909 
910 

911 
912 

913 
914 

915 

916 
917 
918 
919 
920 

921 
922 
923 
924 
925 

926 

927 
928 

929 
930 

9n 
932 

933 

934 
935 

936 

9J7 
938 

939 
940 

941 
942 
943 
944 
945 

946 

947 
948 
949 
950 



Knots. 






•91691 

•93741 
•93790 

•93839 
■93888 

•939J8 
•93987 
•94o?6 
•94086 
•94135 

•94184 

•942 H 
•94283 
•94J32 

•94381 

•94431 
•94480 
•94529 

•94579 
•94628 

•94677 
•94727 
•94776 

•94825 

.94S74 

•94924 

•94973 
•95022 
•95072 
•9512 I 

•95170 
•95220 
•95269 
•95318 
•95367 

•95417 
•95466 

•95515 
•95565 
•95614 

•95663 
•95713 
•95762 

•95811 
•95860 

•95910 

•95959 
•9')Oo8 

•96058 

•96106 



"Log. 



•9716979 
•9719206 

•9721565 

•9"J23834 
•9726101 

•9728413 
•9730678 
•9732941 
•9735250 
•9737511 

•9739771 
•9742076 

•9744J34 
•9746590 
•9748846 

•9751146 

•9753399 

•9755651 

•9757947 
•9760197 

•9762445 
•9764738 
•9766984 
•9769229 
•9771472 

•9773760 
•9776002 
•9778242 
•9780526 
•9782764 

•9785001 
•9787282 
•9789516 
•9791749 

•9793981 

•9796258 
•(^798487 
•9800716 
•9802989 
•9805215 

•9807440 
•9809709 
•9811932 
•981^154 
•9816374 

•9818639 
•9820857 
•9823074 

•9825335 
•9827505 



Yards into Knots, 

Table to convert Yards into Knots — continued. 



207 



Yards. Knots. 



951 
952 
955 
954 
955 

956 

957 
958 

959 
960 

962 

964 
965 

966 
967 
968 
969 
970 

971 

972 
97i 
974 
975 

976 

9-7 
978 

979 
980 

981 
982 
985 
984 

985 

986 

987 
988 
989 
990 

991 

992 

995 
994 
995 

996 

997 
998 

999 
cxx> 






96155 

96205 

96254 

0JO3 

96552 

96402 

96451 

96500 

96550 
96599 

96648 
96698 

96747 
96796 

96845 

96895 

96944 
9699? 
97041 
97092 

97I4I 
97I9I 
97240 
97289 

97558 

97588 

974J7 
97486 
97556 
97585 

97654 
97684 

97755 
97782 

97851 

97881 
97950 
97979 
98029 
98078 

98127 

98177 
98226 

9^275 
98524 

98574 
98425 
98472 
98522 

98571 



Log. 



9829710 

9851976 
9874188 

9856598 
98J8607 

9840860 
9845067 
9845275 
9847525 
9849726 

9851929 

9854175 

9856575 

9858574 
9860772 

9867014 
9865209 
9867404 
9869642 

9871854 

9874026 
9876261 
9878450 
9880677 
9882824 

9885054 

9887259 
9889425 
9891649 

9895851 

989601 I 

9898254 
9900412 
9902589 

9904765 

9906984 
9909158 
99"55o 

9915546 
9915716 

9917885 
9920008 
9922205 
99244?! 
9926595 

9928807 
9970966 
99J5I28 
9955J52 

9957492 



Yards. 



2001 
2002 
2007 
2004 
2005 

2006 

2007 
2008 
2009 
2010 

201 1 
2012 
2017 
2014 
2015 

2016 
2017 
2018 
2019 
2020 

2021 
2022 
2027 
2024 
2025 

2026 

2027 
2028 
2029 
2070 

2071 
2072 

2075 
2074 
2075 

2076 

2077 
2078 
2079 
2040 

2041 
2042 
2047 

2044 
2045 

2046 
2047 
2048 
2049 
2050 



Knots. 



Log. 



Yards. 



■98620 
•98670 
•98719 
•98768 
•98817 

•98867 
•98916 

•98965 
•99015 
•99064 

•99117 
•99167 
'99212 
•99261 
•99710 

•99760 
.99409 

•99458 
•9^508 
•99556 

•99605 
•99655 

•99704 
•99755 
•99802 

•99852 
•99901 
•W9950 
•00000 
* 00049 

•00098 
•00148 
•00191 
•00240 
•00295 

•00745 
•00794 
•00447 
•00497 
•00542 

•00591 
•00641 
•00690 

•00779 
•00788 

•00878 
•00881 
•00976 
•00986 
•01075 



9979650 
9941851 
9944007 
9946167 
9948717 

9950514 
9952665 
9954816 
9957010 

9959159 

9961706 

9967497 
9965642 

9967786 

9969950 

99721 16 

9974257 
9976797 
9978580 
9980674 

998281 I 
9984991 
9987126 
9989260 
9991792 

9997568 

9995698 

9997828 

0000 

0002171 

000^741 
0006510 
0008677 
0010844 
0017009 

0015174 
0016905 

0019067 

0021228 

0027789 

0025548 
0027706 
0029867 
0072019 
0074174 

0076728 
0078481 
0040077 
0042784 
0044977 



2051 
2052 
2057 
2054 

2055 

2056 
2057 
2058 

2059 
2060 

2061 
2062 
2o6j 
2064 
2065 

2066 
2067 
2068 
2069 

2070 

2071 
2072 
2077 

2074 
2075 

2076 

2077 

2078 

2079 
2080 

2081 
2082 
2087 
2084 
2085 

2086 
2087 
2088 
2089 
2090 

2091 
2092 
2097 

2094 
2095 

2096 

2097 

2098 
209} 
2100 



Knots. 



•01084 
•01 174 
•01 187 
•01272 
•01281 

•01771 
•01780 
•01429 
•oi4'-9 
•01528 

•01577 

•Ol62'7 
•01670 

•01725 
•01774 

•01824 
•01877 
•01922 
•01972 
•02021 

•02070 
'02I20 
•02169 
•022Ii) 
•02267 

•02717 
•02766 
•02415 
•02465 
•02514 

•02567 
•02617 

•026^2 

•0271 I 
•02760 

•02810 
•02859 
•02908 
•02958 
•OJ006 

•07055 

•07107 

•07154 

•0720? 
•0725? 

•07502 
•07751 

•07400 

•0745c 
•05499 



"Log. 



• 0046652 

•0048800 
•0050947 
•0057092 
•0055277 

•0057780 
•0059527 
•0061664 
•0067805 
•0065944 

•0068082 
•0070219 

•0072755 
•0074490 
•0076198 

•0078771 

•0080467 
•0082594 
•0084724 
•008685 J 

•0088981 

•0091108 

•0097274 

•0095759 
•009748 J 

•0099605 

•0101727 
* 0107848 
•0105007 
•0107662 

•0109780 
•01 I 1897 
•0114017 
•0110127 
•0118241 

•0120754 
•0122465 
•0124576 
•0126685 
•0128794 

•0170901 

•0172587 
•0174692 
•0176797 
•0178901 

•0141007 

•0147 105 
•0145205 
•0147705 
•0149407 



2o8 Yards into Knots, 

Table to convert Yards into Knots — continued. 



Vaxds. 


Knott. 


Log. 


YanU 


Knots. 


Log. 


YaitU 


Knots. 


Log. 


2X0X 


I -01548 


•0151501 


2136 


1-05274 


•0223046 


2x71 


X'o6998 


•0293838 


2I02 


X'0J598 


-0151598 


2137 


1-05323 


•0225109 


2x72 


X'07048 


•0295867 


2IOJ 


X' 01647 
I' 01696 


'0155601 
'0157788 


2138 


1-05372 


•0227170 


2173 


I' 07097 
I'07i46 


-0297895 


2104 


2139 


I' 05422 


-0229230 


2174 


•0299922 


2x05 


I -01745 


•015988X 


2x40 


X-0547I 


•0231289 


2X75 


I -07195 


'030x948 


2106 


I-OI795 


•016x074 


2x41 


I '05520 


-0233348 


2x76 


1-07245 


•0303973 


2107 
2108 


1-03844 


•0x63647 


2x42 


x'05570 


•0235405 


2177 


1-07294 


'0305592 


X'0|89i 


•0165737 


2141 


1-05619 


'0237462 


2178 


1-0734? 


•0307616 


2x09 


IOI94I 


' 0167827 
•0x69916 


2144 


1-05668 


•0239517 


2179 


X -07 193 


•0309638 


2II0 


X -03992 


2145 


1-05717 


'0241572 


2x80 


I '07442 


•03x1660 


21 II 


X •04041 


•0x72003 


21^ 


I '05767 
1*05816 


•0243625 


2i8x 


I -07491 


'0)X368x 


2II2 


1-04091 


•017^090 

'0170176 

1 -0x78260 


2147 


•0245678 


2X82 


X -07541 


•03x5700 


2III 


x^o4i^ 
i^04i8q 
X^C4238 


2148 


1*05865 


'0247729 


2183 


1*07590 


-03x7719 


21 14 


2149 


1-05915 


' 0249780 


2184 


1*07619 


-03x97^7 


21x5 


•0180344 


2150 


1-05964 


•0251419 


2185 


x*o7688 


•032x754 


2x16 


1*04288 


•0182427 


2X51 


x '06013 


•0253468 


2x86 


I •07738 


-0323770 


2117 


1-04337 
x*c4?86 


' 0184508 
' 01 86589 


2152 


X'06063 


•0255516 


2187 


x- 07787 
1*07836 


-0325785 


21 18 


2I5J 


X'o6lI2 


-0257563 


2188 


•0327799 


2119 


1-04416 


'0188669 


2154 


I-06I6I 


•0259609 


2189 


X' 07886 


•0329812 


2x20 


1-04485 


•0x90747 


2155 


1*062x0 


•026x654 


2190 


I -07935 


•033x824 


2X21 


x-04514 


-0x92410 


2156 


1-06260 


•0263698 


2x91 


1-07984 


-o33J4» 


2122 
2X2J 


1-04584 
x-04633 


•0194486 
■0196562 


2157 
2158 


X' 06309 

1-06358 


•0265741 
•0267783 


2192 
2x9} 


X- 08034 
i*o8o8i 


•03J54H 
-0337453 


2124 


I '04682 


-0198637 


2159 


x*o64o8 


-0269824 


2x94 


X-08132 


-0339462 


2x25 


1-04731 


-020071X 


2160 


1*06456 


-0271865 


2x95 


l'o8i8x 


-0341470 


2126 


1-04781 


•020278^ 
-0204856 
•0206927 


2x6x 


I' 06505 


•0273904 


2196 


X'0823X 


•0341477 


2127 


X -04830 


2162 


1-06555 


•0275942 


2197 


X'o828o 


-0345482 


2128 


1-04879 


2x63 


X'o66o4 


-0277572 


2198 


i'o8329 


-0347487 


2129 


1-04920 
X'a4978 


-0208997 
-02x1066 


2164 


X -06653 


'02 79609 


2199 


i'o8379 
1-08428 


•0349491 


2XiO 


2x65 


I' 06702 


'028x644 


2200 


•0351495 


2X^1 


I -05027 


•02x3x34 


2166 


1*06752 


'0283679 








2132 


1-05077 
X -05126 


•0215201 


2167 


1-06801 


'0285713 








2UJ 


•0217267 


2168 


1*06850 


'0287745 








2li4 


X -05175 


'0219332 


2169 


1*06900 


•0289777 








2Xi5 


1-05224 


•0220933 


2x70 


1-06949 


•029x808 
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The following table shows how many nautical miles 
answer to a degree of longitude at every degree of 
latitude. 



Lit. 


Kqou. 


Lit. 


Knots. 


Lat. 


KnO^. 


LM. 


Kn«^ 


LaL 


Kn«t 


\ 


%^ 


■9 


Is 


le 


T 


41 


9' 


S 


~M 


55 


H 


K-K 




j^-91 




56 






4( 


6! 






68 


75 






59-Sl 




JJ 




4° 




96 


I« 


SI 


80 


■J6 


|4;5i 


i 

1 


55 


If 


51 


18 




% 


i 


60 
61 


15 


» 


S 


11-45 


S 




16 


5) 




44 








il 






IO-4I 


l' 


% 


18 




i 


s 


t 


i 


1 


I 


'J 


«s 


M? 


;; 


I 


19 


1 


96 


s 


40 
40 


15 


u 


w 


)6 
40 


■4 


2.j; 








4f 




>! 


}S 


b^ 






"I 










5D 






)i 




M 




^ 




4- 19 


:i 


.'i 


JJ- 


50 


14 


■ti 


'i 


'^ 


*9 


10 




ii 




Ki 


Ir'i. 


H 


I 


■ 5 

(4 


M 


it 


>! 


?i 


a 


54 


89 


im 



FRENCH AND ENGLISH MEASURES. 

To convert miUimetreB into inches, multiply by 
■03937- 

To conveii metres* Into Inches (or millimetres into 
mils), multiply by 39-37. 

To convert metres into feet, multiply by 3'28i. 

To convert metres into yEirdB, multiply by 1094. 

To convert kilometres into etatate miles, multiply 
by ■6214. 

To convert kilometres Into nanticsal miles, 
multiply by 539. 

To convert grammes into grains, multiply by 
1 5 "44. 

To convert kilogrammes into pounds, multiply 
by 2-205. 

* For the purpose of memory, a. metre may be considered as Ihrte 
f^, three inches, and third. 



French and English Measures. 



Bmouib. 


Fanrco. 1 


IW. 


SqB«. 


Cub*. 


II II II N 


Q-gHjgintIRt 


e-tjfi'oBten 




,_ 


.._ 1 


LiHU. 


Squ.«. 


Cot* 




DfhB 


B-oai5jDi iDcfaa 
o-'siotiiulia 

■ -.gkjr^d. 


o-tic»6ia<iT inche* 


KUdmiOt- 





English Mile* to Kitometres. 





a s 


i 
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a 
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a 


i i 


, 




lA 


41 t41 




81 «I 






; 
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a 


:{si 




!iSi 




















\ 
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n 


s 


SS 


Hi 
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1 
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s 


?s 
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*» 


S'il 




:il 
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SE! 
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ii 


iiSii 


j: 
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rl 
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French and English Measures. 



Table of the Value of French Mitres 


fromlto 


00, u 


1 English 








Feet. 








Kb- 


EnitUh 


Mi- 


E^,^ 


Ui- 


^f^ 


Mt- 


E^,J. 


, 


m 


US 


g,.jO|| 


„ 
















;^:s?^ 








,!S 














1* 




« 


m-iMj 


i 


SIB 


i 






: 


» 










1 : 


K 




■84 


















;; 


ra 


S 


S^K 


61 




i! 


SHIS 


















u 




*> 




% 




*> 


s;a 


li 


!!-ffl 




asB 


S 








"« 


tl-fc)M 


s 


1W911J 


TO 




?i 


H:S 


Ji 


ii-!« 
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i! 


;;;:»; 






















)C 


164 t4« 


7J 




iw 







CBKTlMfcTBBS and MU 


mtlreitol 


Qches 






II 


MillimitTO. 





1 


•1 31 . 


» 


• 1 I 


B 


B 




Ins. 

019 
118 

l« 
1-J6 

I-T6 
J U 

1 94 


0-O4 
J- 19 

r9» 


:: 

126 

1-05 
1-8, 

l-lj 

J -61 

4-01 


Iiu. 

o-9t 

1*9 
1-09 

1-4B 
1-81 

ytt 

j-«6 
4-e6 


tm. 
0-94 

409 


0-98 

1(6 

.■9( 


lu. 
0-14 

i-4» 
i«i 

1-59 
JJ9 


067 
l-o6 
1-46 
I 85 
114 
164 

J-4I 


o-,i 

0-51 

IJO 

I B9 
1-8) 

1-6, 

41J 


I H 
1-91 

190 
419 







1 


•1 » 


4 1 6 


6 


7 


s 


8 
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Trigonometrical Formula. 



To convert Avoirdupois pounds per lineal yard into 
kilogrammes per lineal metre, multiply by 0*496. To 
convert kilogrammes per metre to lbs. per yard, multiply 
by 2*o2. 

Table of the Value of French Kilogrammes, in Pounds 

Avoirdupois. 



Kilo- 


lbs. 


Kilo- 


lbs. 


Kflo- 


lbs. 


Kilo- 


lbs. 


grms. 


Avoirdupois. 


gnns. 


Avoirdupois. 


grns. 


Avoirdupois. 


grms. 


Avoirdupois. 


X 


a-2o6o 


M 


JO* 8848 


»7 


59-5515 


40 


88*2424 


a 
1 


6*^82 


\l 


J?'o9o8 
15-2969 


28 
29 


61*7696 
6?*9757 


41 

42 


90-4484 
92 6545 


4 


8*8242 


17 


37*5029 


JO 


66*i8i8 


41 


94-8605 


5 


XX 010? 


18 


J9*7o9o 


II 


68*3878 


44 


97 0666 


6 


H-2J64 


"9 


41 9150 


n 


TO- 5919 


4? 


99*2726 


I 


17 0485 


20 
21 


44*1212 

46-n';2 




72-7999 
75*oo6o 


46 

47 


IOI-4787 
10? •6847 


9 


19-8|45 


22 


48-5ni 


iS 


77-2120 


48 


105*8908 


xo 


22*o6o6 


2J 


50-719' 


16 


79-4181 


49 


108*0969 


XI 


14*2666 

26*4727 

28*6787 


24 


52-9454 


ii 


81-6241 


50 


no '3030 


12 


*5 


55-1514 


J8 


83*8102 


51 


112*5090 


IJ 


26 


57 1575 


i9 


86*0363 


52 


114*7151 



TRIGONOMETRICAL FORMULAE. 



X Sinus 

9 CottHM* 

3 StMMs-vemu 

4 Cotinus-verstu 

5 Tangent 

6 Cotangent 

?Secat^ 
Cosecant 



abbreviated 



$* 
»> 

»» 
»t 



sin.C, 

cos.C. 

sinv.C, 

cosv.C, 

tan.C, 

cot.C, 

seCt\^, 

eosec.C. 



r ss Radius of the circle, which is the unit by which the functions are mea- 
sured. 



sin'C+cos'C, 
sin C 



tanC 

tanC 
cotC 

cotC 



cosC* 
I 



COtC 

cosC 
sinC 

I 

tan C' 



secC = 
cosecC = 



cosC' 
I 

sinC* 
sinv C = I — cos C, 
cosv C = I sin C, 
sin 2C = 2 sin C cos C, 

sinJC = i^sin2C+sinv"C), 
sin (C+B) = sin C cos B-f 
sin B cos C. 



Trigonometrical Forinulce. 
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A, B, C, angles, 
tf, b, c, sides. 
Q, area. 



4. a 



= 2\/si 



Q 

sin 2 C' 



5. ^ = a cos C, 

6. d = c cot C, 

7. ^ = a sin B, 

8. ^ = f tan B, 



,.>.</'^ 



tanC' 




a : ^ = sin A : sin B, and ^ ; r = sin B : sin C 
a : f = sin A : sin C, and Q : «^ t= sin C : 2. 



1. a 

2. a 

4. ^ 



c sin A 

sin C ' 
c sin A 

sin (A + B)' 

2Q 
^ sin C ' 
c sin B 



20 
^ sm A 




6. ff = ^^ + <^ — 2 ^ f cos A, 



7. tf = 'V si 



2 Q sin A 



sin B sin (A + B)' 



MEASURE OF THE CIRCLE. 
seconds (") 

60 = I minute (*) 

3600 = 60 = I degree (°) 
324000 = 5400 = 90 = I quadrant 
1296000 = 21600 = 360 = 4 = I circumference 
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Natural Sines. 



Natoial Sines (r s i) of whole de^prees and decimal parts, from 1^*0 to 

90^*0 mdusive. 



Dm. 



o 
I 
1 
J 

4 



I 
\ 



10 

II 
II 
II 

«4 

> 

15 

16 

U 

21 
aa 

ai 

^4 

af 

a6 

U 

39 

10 

ii 
la 

il 

J4 

% 

% 

41 

4« 
4J 

44 



•0175 
•0149 
•ojai 
•0698 

'087a 

•1045 

*iai9 

•iwa 

•1564 

•I7J6 
*l9o8 

•ao79i 
•a«5o 

•IfM 

•1756 

•»9H 
•J090 

•ja56 

•I4«> 

•J5«4 

•174*1 

•1907 
•4067 

'4aa6 
•4184 

•469*1 
•4848 

*fO0O 

•5ifo 

•5299 
•f44fi 
'559* 

•571* 

•5878 
•6018 
•6157 
'629 J 

•64a8 
•6561 
•6691 
•6820 
•6947 



1«0 



0017 

0|00 

0541 
0715 

0889 

io6| 
iai6 
1409 
if8a 

I7f4 

I92f 

2096 

Mi* 

a6of 

»77J 
a94o 

1107 
ja7a 

Hn 
1600 

1762 

Vfli 

408) 

424a 
4199 

4W5 

4710 

486J 

foif 
5165 

fli4 

5000 

5750 
5892 

6o;2 
6170 
6J07 

544« 

J<74 
6704 

68n 

6959 



•9 



OOH 
0209 
0184 
0558 

07 J» 

0906 
1080 
1251 
1426 

1599 

1771 
1941 
am 
2284 

M5J 

2622 
2790 

J957 

JI2} 

ja89 

iti6 
?778 
J919 
4099 

4»J8 

44if 
4«7i 

4726 

4879 

50?o 
5180 

fl20 

»4?* 
5021 

5764 
5906 
6046 
6x84 

6i2o 

64Yf 
6587 
6717 
6845 
6972 



8 



'8 



0O$2 '0070 

0227 -0244 

0401; '04x9 

0576 'OtOf 

0750 •0767 



0924 

1097 

1271 
r 



xox 

1788 

«9J9 

2X{0 

aioo 

1470 

2619 
2807 
»974 
1140 
JJ05 



mi 

W5 
4"5 

4274 
44»i 
4586 

474X 

|04« 
519J 
5J44 
?49o 

5*i5 

5779 
f92o 

6060 

6198 

6j34 

6468 

66o3 
6730 
68$8 
6984 



•094X 

*XII$ 

'1288 
•I6JJ 

•1809 

•«977 
•2147 
•aji7 
•2487 

*26$6 

'282 J 

•2990 
•JI56 
•«2a 

•J486 

•J*49 
*i8ii 

•J971 
•4IJI 




•579J 

•59H 

•6074 

'621 1 
•6347 

•6481 
•661? 

•J74I 
•6871 

•6997 



•6 



'6 



0087 
0262 

04|6 

06x0 

0785 
0958 

IIJ2 

1105 

1478 

1650 
X822 

1994 

2164' 

2 J 14 
2504 

2672 
2840 
J007 

JI7J 
JJi8 

|<02 

J665 

J827 

3987 

4»47 

4J05 
4462 

4617 

477* 
4924 

5075 

522$ 

5519 
5664 

$807 

5948 
6088 
6225 
6i6i 

6^ 
67 j6 
6884 
7009 



OlO( 

0279 



21 

C802 

0976 

"49 

IJ2} 

X840 
20x1 
2I8I 

2}5l' 

25211 

2689 
a8j7 
J024 

JI90 

JJ55 

1518 
1681 
J841 
4001 
416J 

4478 
4011 
4787 

49i9 

5090 
5240 
5J88 

5«M 
5678 

5821 
5962 
6101 
62J9 

6i74 

6fo8 
66^ 

689^1 
7022 



0X22 

0297 

0471 
064J 
0819 

0991, 

I167! 

1140 
I5IJ 
X685 

1857 
2028 
2198 
2168 

a5j8 

2':o6' 

»874, 
J040 
i2o6, 

JJ7I 

«„! 

J697 
J859 
4019 

4'79 
I 
4137 
449J 
4648 
4802 

4955 

5lof 

fl55 
5402 

ff48 

5693 

5835 

1976 
6115 
62U 
6j88 

6921 
6652 
6782 
690^ 

70M 



-3 



'8 



0x40 
0114 
0488 
0661 
08 J7 

lOIX 

X184 

H57 
15 lo 

1702 

1874 
204J 
221$ 
2J8$ 
»554 

a7aj 

2890 

io57. 

J22) 
JJ87 

J55I 

1714 
J875 
40 T5 
4»95 

4J52 

4664 
4818 
4970 

fI20 
5270 

HJ7 
556J 

5707 

58J0 
5990 

6401 
6f}4l 

5794' 
6921 1 

7046* 



2 



9 



iii9 
3404 



4210 

4168 
4524 
4679 
48? J 
4985 

5115 
5184 

f412 
5577 
5721 

5864 
6CX34 

6141 

6283 

6414 
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01 f 7 '0x75 89 

0112 'OJ49' 88 

o«o6 -052) 87 

0680 -0698 86 

08541 'C872 85 



X028 •X045 84 

12011 •X2I9 81 

n74| 'iw* 82 

1547' 'IS** 81 

X7i^| 'X7j6| 80 

1801I -1908 79 

2062, -2079; 78 

22J? '2250, 77 

2402' '2419 76 

257 1 1 -2588 75 

2740' -2756 74 

2907 -2924; 7i 

J074 -1090, 72 



•J256I 71 



•M*> 



70 



J<67 -1584 69 

J7?o; -5746 68 

3891 •iif>^\ 67 

4051 •4o6'7 66 



•4067 
'4226 

•4184 
•4540 
•4695 
•4848 
•50C0 

•5150 

•5199 
•54461 57 

•5593 ** 
•57i6 55 

•5878 54 
•6018 51 
•61571 5* 
•6291! a 
■6428: 50 



65 

6j 
62 
61 
60 

S 



•6^47 •656x1 49 

■6678 •6691; 48 

•6807 •6820 47 

•6^i4 -6947 4* 



•7071 4s 



Dbo. 



Natural Cosines (r = i). 



Natural Sines, 

Natural Sines (r ss i). 
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Dko. 
4J 





'1 


-2 


•3 


-4 


•6 


•e 


■7 


•8 


•9 


•0 


44 


•7071 


•7081 


•7096 


•7x08 


•7x20 


•7133 


:?iil 


•7>57 


•7x69 •7181 


•7193 


46 


•7191 


•7206 


•7118 


•7230 


•7242 
•736X 


•7254 


•7278 


•7290 


•7302 


•73x4 


43 


47 


•7114 


•73*5 


•7337 


:?iS 


•7373 


•7385 


•7396 


•7408 


•7420 


•7431 


42 


48 


•74" 


•7H3 


•7455 


•7478 


•7490 
•7604 


•7501 


•7513 


'■'m 


•7536 


:?8', 


41 


49 


•7547 


•7459 


•7570 


•7481 


7593 


•7615 


•7627 


•7649 


40 


$0 


•7660 


•7672 


•7683 


•7694 


•7705 


•7716 


•7727 


•7738 


•7749 


•7760 


•777X 


X 


St 


•7771 


•7781 


•7793 


•7804 


•78H 


•7826 


•7837 


•7848 


•7859 


•7860 
•7976 


•7880 


5» 


•7880 


•7891 


•7902 


•7912 


•7923 
•8028 


•7934 


•7944 


•7955 


•7961 


•7986 


f2 


5J 


•2986 
'8090 


•79*)7 


•8007 


•8018 


•80 19 


•8049 


•8059 


•8070 


•7080 


•8090 


54 


'8100 


■8X11 


*8X2X 


•8x31 


•8X4X 


'8151 


•8x61 


•8171 


•8181 


•8x92 


n 


55 


'8192 


*8202 


•8211 


•8221 


•823X 


•824X 


•82$x 


•8261 


•8271 
•8368 


•828X 


•8290 


34 


56 


■8290 


•8100 


•8310 


•8323 


•8329 


•8339 


•8348 


•8358 


•8377 


•8J87 


33 


'2 


'!';' 


•8796 


•8406 


'8411 


•8425 


•8434 
•8526 


•8443 


•84J3 


•8462 


•8471 


•8480 


32 


58 


•8480 


•8490 


•8499 


•8508 


•85x7 


•8536 


•8545 


•8554 


•8y6j 


•8572 
•8660 


n 


59 


•8572 


'8581 


•8590 


•8599 


8607 


•86x6 


•862f 


•86i4 


•8643 


•8652 


30 


60 


•8660 


*8669 


•8678 
•8761 


•8686 


•8695 


•8704 


•87x2 


•8"»2I 


•8729 


•87?8 


•8746 


29 


61 


•8746 


•8755 


•8771 


•8780 


•8788 


•8796 


•88ot 


•88x3 


•8821 


•8829 


28 


62 


•8829 


•8838 


•8846 


•8854 


•8862 


•8870 


•8878 


•8886 


•8894 


, ^8902 


•89x0 


U 


6j 


'8910 


'^3 


•8926 


•89H 


•8942 


•8949 
•9026 


•8957 


•8965 


•8973 


•8980 


•8988 


64 


•8988 


•8996 


•9003 


'90x1 


-9018 


•9033 


•9041 


•9048 


•9056 


•9063 


25 


SI 


•9063 


•9070 


•9078 


•9085 


•9092 
•9164 


•9100 


•9x07 


•91x4 


'9121 


•9x28 


•91?? 


H 


66 


•9»15 


•9'4J 


•9x50 


•91)7 


•9x71 


•9x78 


•9x84 


•9x91 


•9198 
•926$ 


•9205 


23 


67 


•9205 


'9212 


9219 


•9225 


•9232 


■9239 


•9245 


•9252 


•9259 


•9272 


22 


68 


•9272 


•9278 


•928» 


•9291 


•9208 
•9361 


•9*04 


•9311 


•9317 


•9323 


•9330 


•9336 


2X 


69 


•9336 


•9341 


•9348 


•9354 


•9367 


•9373 


•9179 


•9385 


•9391 


•9397 


20 


70 


•9197 


•9403 


■'^ 


•94M 


•9421 


•9426 


•9432 


•9438 


•9444 


•9449 


•9455 


;i 


•?i 


'94H 


•9461 


•9472 


•9478 


•9483 


•9489 


•9494 


•9500 


•9505 


•95XX 


7* 


•95i» 


•9?i6 


9f2i 


•9527 


•9532 


•9"7 


■954* 


•9H8 


•9551 


•9558 


•9563 


t7 


71 


•9j6j 


•9568 


•9<7? 


•9.78 


•9*83 


•9<88 


•9*93 


•9598 


•9603 


•9608 


•9613 


x6 


74 


•9611 


•96x7 


•9622 


•9627 


•9632 


•96J6 


•964X 


•9646 


•9650 


•9655 


•9659 


15 


21 


•9659 


•9664 


•9668 


•9673 


•9677 


•968X 


•9686 


•9690 


.969^ 
•9736 


•9699 


•9703 


«4 


76 


•970i 


•9707 


•97" 


9715 


•9720 


9724 


•9728 


•97 ?2 


•9740 


•9744 


13 


'2 


•9744 


•9748 


•9751 


•97M 


•'"'S 


•9763 


•9767 


•9770 


•9774 


•9778 


•978X 


X2 


7« 


'92*f 


•9785 


•9789 


•9792 


•9799 


•980? 


•9806 


•98x0 


•9813 


•9816 


XI 


79 


-9816 


•9820 


•9823 


•9826 


'9829 


•9833 


•9836 


•9839 


•9842 


-9845 


•9848 


10 


80 


•9848 


•9851 


•9854 


•9817 


•9860 


•9863 


•9866 


•9869 


•9871 


•9874 


•9877 


\ 


81 


•9877 


•9880 


■9882 


•9885 


•9888 


•9890 


•9893 


•98q? 


•9898 


9900 


•9903 


82 


•9903 


•9905 


•9907 


•9910 


•9912 


•9914 
•9936 


•9917 


•9919 


•9921 


•9923 


•992f 


I 


«J 


•9925 


•9928 


•99?o 


99 ?2 


•9934 


•9938 


•9940 


•9942 


•994J 
•9960 


•9945 
■9962 


84 


•9945 


•9947 


•9949 


•9951 


•9952 


'9954 


•9956 


•9957 


•9959 


5 


S 


•9962 


•9963 


•996? 


•9966 


•9968 


•9969 


•9971 


•9972 


•9973 


•9974 


•9976 


4 


86 


'^J 


•9977 


•9978 


•9979 


•9980 


•9981 


•9982 


•9983 


•9984 


•9985 


•9986 


3 


S2 


•9986 


•9987 


•9988 


•9989 
•9996 


•9990 


•9990 


•9991 


•9992 


•999' 


•999? 


•9994 


2- 


88 


•9994 


•9995 


•999? 


•9996 


•9997 


•9997 


•9997 


•9998 


•9998 


•9998 


X 


«9 


•9998 


•9999 


•9999 9999 


•9999 


X'OOO 


I'OOO 


I^OOO 


I'OOO 


X'OOO 


X'OOO 




Dro. 




I'O 


•9 


-8 


•7 


•6 


•6 


-4 -3 


•2 


'1 


•0 



Natural Cosines (r = i). 



2 1 6 Natural Tangents. 

Natural Tangents (r = i) of whole degrees and decimal parts, from I^'O 

to 90° 'O. 



Dm. 







•1 


•3 '8 -4 

1 


•6 


•6 


•7 


•8 


•9 


1-0 

•0175 


89 




•0017 


1 
•0015 '0052 •ooT© 


•0087 


•0x05 


•0x22 *ox4o 


•0x57 


1 


•0175 '0102 

•OJ49 -0167 
•0524 -0542 


•0209 *c227 'O244' ^0262 


•0279 


•0297 *03i4 


•0J?2 


•0149 


88 


1 

1 


•0184 '0402 *04i9 

•0559 -0577, -0594 
, 0714 -0752 -0769 


•0437 
'o6x2 


•«454 '0472 
*o629| '0647 


:3S 


•0507 
•0682 


•0524 
•0699 


S2 


4 


•0699 -0717 

1 


•0787 


*c8o5 


*0822 


•0840 


•0857 


•C875 


85 


5 


•0875' '0802 


'0910 '0928 '0945 *096j 


•098X 


•0998! *lox6 


•xoji 


•X051 


84 


6 


'I051 *I06Q 


*io86 '1104 *1I22. •IIJ9 'I157 


•X175 1x92 


•I2Xf 


•1228 


81 


i 

9 


•1228 '\l^h 


*I26) •X28i| 'I299' •XJ17 'I|)4 


•I|f2| •IJ70 


•X|88 


•X405 


82 


•1405 
•1584 


: -1421 

*l6o2 


•«44i' '1459' -1477 
' '1620 •i6j8, "1655 


•1495 

•167 J 


'1691 


•I5IO 
•X709 


, -1548 
•1727 


•J566 

•X745 


X5a4 

•1763 


81 
80 


10 


•1761 


•1781 


•1799 '1817 


•I8J5 


•1853 


•x«7x 


*l89o 


•1908 


•X92f 


•X944 
•2x26 


?2 


II 


•'944 
'2126 


'1962 


'19801 *X998' '20x6 


•20J5 


•2051 


•2071 


'2089 


•2X-7 


11 


•2144 


•2162 '2180, '2199 


•22x7 


•22J5 


•2254 
•24?8 

•262 J 


•2272 


•2290 


•2J09 


?2 

75 


II 


•U09 
149, 


•2127 
'2512 


•2145 

•25J3 


•2i<»4 
•2549 


•2J82 
•2568 


•2401 
'2586 


•24x9 
•2.05 


•2456 
•2642 


'^. 


•2491 
•2679 


"J 


•2629 


•2698 


•2717 


•2736 


•»754 


•«77l 


•2702 
•298X 


*38xx 


*28jo 


•2849 


•2867 


74 


16 


•2867 -2886 


•2905 -292^ 


•2941 


•2962 


'loco 


•30x9 


•3oj8 


•3C57 


73 


17 
18 


•J057 -1076 -1006 
•i249 -3269 -1288 


•JII5 
•JJ07 


•1134 
•JI27 


•3151 
•J346 


•3172 


•JX9I 
•3385 


•12X1 
•3404 
•1600 


•32?' 
•3424 
•J620 


•3249 
•3443 


72 

7X 


>9 


•J44J 


•J4^J 


•J482 


•J5M 


•1522 


•3541 


•35*1 


•358X 


•J640 


70 


30 


•J640 


•j6j9 


•i679 


•?699 


•J719 


'3739 


•3759 


•3779 


•3799 


•38x9 


'3839 


% 


11 


•J8;9, '1859 


•3879 


•1899 -1919 


•3939 


•3959 


•3979 


•4000 


•4020 


•4040 


aa 


'4040 '4061 


'4081 


*4ioi 


'4x22 


•4142 


•4161 


•4"8j 


•4204 


•4224 


•4245 


% 


11 


•4245' 4265 


■4286 


•4J07 


•432J 
•4536 


•4348 


•4364 


•4390 


•44" 
•462X 


•4431 


■% 


H 


•445a 


.4471 


•4494 


•4515 


•4557 


•4578 


•4599 


•4042 


65 


*f 


•4«? 


•4684 


•4706 


•4727 


'■'^ 


•4770 


•4791 


•4813 


•4834 


•4856 


•4877 


^ 


26 


•48771 '4899 


•4921 


•4942 


•4986 


•5008 


•5029 


•5051 


•5073 


•5095 


6? 


*2 


•5C95 


•5117 


•5119 '5161 


•5x84 


•5206 


•5228 


•5250 


•5272 


•5295 


•53x7 


62 


28 
39 


•5117 
•554J 


•5140 
•5566 


•5?<>2 
•5589 


•5?84 
•56x2 


•5407 

mi 


•5410 
•5658 


•5452 
•568X 


•5475 
•5704 


•5498 
•5727 


•552c 

•5750 


•5543 

•5774 


61 
60 


10 


•f774 


•5797 


•5820 


•5844 


•5867 


•5890 


•5914 


•5938 


•5961 


•5985 


'6009 


^ 


II 


•6009 


•6o?2 


•6056 


•6080, •6104 


•6x28 


•6152 


•6176 


•6200 


•6224 


•6249 


n 


•6249 


•627? 


•6297, '6*22 


•6m6 


•6J7X 


•6195 


•6420 
•6669 


•^ 


•6469 


•6494 


% 


ii 


'O494I '6519 


•6544 -6569 


.6594 


•6619 


•6644 


•6720 


•6745 


M 


•^►745 


•6771 


•6796 


•6822 


•6847 


•687J 


•6899 


.6924 


•6950 


•6976 


•7002 


55 


i5 


•7002 -7028 


•7054 


•7080 


•7x07 


•713J 


•7x59 


•7186 ^72x2 


•72?9 


•7265 


54 


J6 


•726J -7292 


•7"9I •7j4<>; •7j7j 


•7400 
•7673 


••5427 


•7454 •748X 


•7508 


•7536 


53 


J7 


•75?6, -7561 


•7590 '7618 '7646 
•7869 '7898, '7926 


•770X 


•7729 


•7757 


•7785 


•781? 


52 


J8 


•781? -7841 


•7954 


•7983 


•8012 


•8040 


•8069 


•8098 


5X 


J9 


•8098 


•8127 


•8x56 


*8i85| '8214 


•824J 


•827 J 


•8302 


•8m2 


•8j6x 


•8J9X 


50 


40 


•8?9i 


'8421 


8451 


•8481 


*8$xx 


•8541 


•8571 


•860X 


•86j2 


•8662 


•8691 


:? 


-41 


•8691; -8724 
•9004; -9016 


•8754 


•8785 


•8816 


•88^7 
•9161 


•8878 


•8910 


•8941 
•9260 


•8972 


•9004 


42 


•9007 


•9099; •9in 


•9195 


•9228 


•9293 


•9125 


S 


4J 


•91251 •9158 


•o?9x -9424] -9457 


•9490 


•9523 


•9556 -9590 


•9621 


•9657 


44 

• 


•9657 -9691 


•9725 


•9759J 9791 


•9827 


•986X 


•9896 ^9910 


•9965 


X*00O 


45 

Dbg. 


I'O 


•G 


% 


•7 


•6 


•5 


•4 


•3 


-2 


•1 


•0 



Natural Cotangents (r = i). 



Natural Tangents. 

Natural Tangents (r = i) — continued. 



217 



Dkg. 
45 





'1 


•2 


•3 


•4 


•6 


•6 


•7 


-.8 


•9 


•0 




1*000 


x*oo3 


X'oo7 


X*OIX 


1-0x4 


1*018 


X*02X 


1-025 


I '028 


1*032 


I 0)6 


44 


46 


i*oj6 


X03Q 
X*076 
x*xi5 


1-041 


1*046 


1*050 


1-054 


1-057 


x*o6x 


x-065 


x*o69 


1*072 


43 


% 


1-072 
I'lii 


x*o8o 
x*xx8 


1-084 

X-X22 


x*o87 
X*126 


1-09X 

X-X30 


1095 
1-134 


1*090 
1*138 


I -103 
1*142 


x*xo7 
X'X46 


l-IIX 

x*X5o 


42 
41 


49 


1*150 


1-154 


I 159 


I -163 


1*167 


1-171 


1 175 


1*179 


1*183 


1-X88 


1*192 


40 


50 


X'X92 


i'i96 


1*200 


1-205 


X-209 


X 2x3 


1*2x7 


X'222 


1-226 


1-230 


1-235 


^? 


51 


i-2i5 


1 2?9 


x*244 


X-248 


1-253 


x-257 


1-262 


1*266 


1-271 


1*275 


1-280 


38 


5* 


1*280 


X 285 


X*289 


1-294 


X-299 


x-303 


x*3o8 


1-313 


x-jij 


1-322 


1-327 
I 376 


% 


5? 


I -327 
1-376 


X-332 


x-337 


X-34» 


1-347 


1-351 


1-356 


1*361 


1*366 


1-371 


54 


X'38x 


1-387 


i-39» 


1*397 


1*402 


1407 


1*412 


1-418 


1-423 


x-428 


35 


^^ 


X'428 


1-43? 


1439 


1*444 


1-450 


1-455 


1*460 


1*466 


1-471 


1-477 


x-483 


34 


56 


1-48? 


1*488 


1-494 


1-499 


1-505 


X'5ix 


1-517 
1-576 


1*522 


1*528 


1534 


1*540 


33 


57 


X-540 


1-546 


1-552 


1*558 


1-564 


1*570 


1-582 


1*588 


V^ 


1*600 


32 


58 


i-6oo 


1*607 


i'6i| 


1-6x9 


X'625 


X*6j2 


I -6^8 


1-645 


1*651 


1*664 


31 


59 


x*664 


1-67X 


1*678 


1*684 


i*69X 


1*698 


1*704 


I-7II 


1*718 


1-725 


1-732 


30 


60 


x-732 


i'239 

x*dii 


1-746 


1-753 


1*760 


1*767 


1-775 


1-782 


1-789 


1-797 


1-804 


29 


61 


1*804 


x*8i9 


x-827 


x-834 


x-842 


1-849 


1-857 


1*865 


1-873 


I-88I 


28 


62 


x*88x 


1*889 


1*897 


1-905 


X*9I3 


X*92X 


1-929 


1-937 


1-946 


1*954 


x*96i 


*7 


6| 


1*963 


1-971 


x*98o 


1-988 


1-997 


2*006 


2-0x4 
2*106 


2*023 


2*032 


2-041 


2-050 


26 


64 


2*050 


2*059 


2*069 


2-078 


2-087 


^•097 


2*116 


a- 125 


2-X35 


2 145 


25 


a 


2145 


2x54 


2 X64 


2-X74 


2*x84 


2*194 


2*204 


2-2x5 


2-225 


2*236 


2*246 


24 


66 


2*246 


2*257 


2*267 


2-278 


2*289 


2-300 


2*311 


2-322 


2*333 


2-344 


2 356 


23 


^ 


2*356 


^'^2 


2-J79 


2-391 


2*402 


2-414 


2-426 


2*478 


2*450 


2*463 


2-475 
2-605 


22 


68 


i-475 
2*605 


2 488 
2*6x9 


2*500 


2 513 


2*526 


2-539 


2-552 


2565 


2*578 


2-592 


2X 


e)9 


2-6J3 


2-646 


2-660 


2*675 


2-689 


2-703 


2-718 


2 733 


2-747 


20 


70 


a- 747 


2*762 


2-778 


2-793 


2*8o8 


2*824 


2*840 


2-856 


2-872 


2-888 


2904 

3-078 


;i 


71 


2*904 
3078 


2*92X 


2*937 


2954 


2-97X 


2989 


3'oo6 


3-024 


3-042 


j-o6o 


7» 


3 096 


3-115 


3-133 


3-152 


3-172 


3-191 


3-2XX 


3-230 


3-25X 


3-271 


\i 


71 


3-271 


3-29X 


3-3x2 


I'm 


3354 


3-376 


3-398 


3 420 
3*655 


|:8J 


3-465 


3487 


74 


3-487 


3-511 


3-534 


3-558 


3-582 


3606 


3-630 


3-706 


J-732 


15 


'^l 


3-732 


3-758 


3-785 


3-8x2 


3-839 


3"86? 


3 895 


J-9»3 


3-952 


3-981 


4'oxx 


14 


76 


4-011 


X^ 


4*071 


4' 102 


4-134 


4*165 


4*198 


4-270 


4-264 


rs? 


4*331 


13 


77 


4-331 


4*402 


4*417 


4*474 
4-872 


4 511 


4*548 


4*586 


4625 


4-705 


12 


78 


4-705 


4-745 


4-787 


4-829 


4*915 


4959 


5-005 


5 050 


5-097 


5 145 


IX 


79 


5-145 


5- 193 


5-242 


5- 292 


5*343 


5396 


5 449 


5-503 


5558 


56x4 


5-671 


10 


80 


5-671 


5-730 


5-789 


5-850 


6-6x2 


m 


6-C4X 


6-X07 


6-174 


6-24? 


6*314 


9 


8x 


6*3x4 


6*386 


6-460 


6-535 


6-772 


6-855 


6-940 


7-026 


3115 
8 144 


8 


82 


7115 


7-207 


7300 


2*396 


It^^ 


7-596 


7-700 
8915 


7 806 


7-916 


8*028 


7 


8} 


8*144 


8*264 


8*386 


8'5I3 


8-7)7 


9 058 


9*205 


9*357 


9-514 


6 


84 


9-5x4 


9-677 


9845 


xo-02 


X0-20 


1039 


xo-58 


10-78 


1099 


Xi-20 


11*43 


5 


85 


XI '43 


xx66 


xx*9x 


12 -16 


12-43 


X2*7X 


13-00 


13-30 


13-62 


13-95 


14-30 


4 


86 


X430 


14-67 


X5*o6 


15-46 


15-89 


X6-35 


x6*83 


17-34 


17-89 
26-03 


18-46 


19*08 
28-64 


3 


87 


X908 


19-74 


2045 


2X-20 


22-02 


22*90 


23-86 


24.90 


27*21 
52*08 


2 


88 


2864 


3014 
63-66 


31*82 


3369 


3580 


38x9 


40*92 


4407 


4? -74 


57-29 


I 


89 


57-29 


7X*62 


8x*85 


95*49 


1x4-6 


141*2 


X9i*o 


286-5 


573-0 


00 



Deo. 


1-0 


•9 


•8 


•7 


•e 


•6 


•4 


•3 


•3 


•1 


•0 



Natural Cotangents (r = {}• 



2 1 8 Squares of Diameters. 

Table of Squares of Diameters, for finding the yalne of </> and ^ T. 



No. 


Square. 


No. 


Square. 


I 


I 


51 


2601 


a 


4 


5» 


2704 


1 
4 


.1 


S3 
54 


1916 


5 


*5 


$$ 


J015 


6 


J6 


56 


J1I6 


I 


? 


fi 


iJ64 


9 

ID 


81 
100 


S 


j6oo 


II 


III 


61 


1721 


12 


144 


6a 




IJ 


ite 


6j 


1909 


14 


190 


64 


4090 


^5 


225 


65 


4225 


i6 


2J6 


66 


4156 


:i 


289 
124 


% 


4489 
4624 


19 


J6i 


69 


4761 


2o 


4" 


70 


4900 


21 
22 


% 


71 
72 


^ 


2J 


^ 


13 
74 


5J20 

5476 
5625 


25 


625 


75 


26 


676 


76 


5776 


•2 


729 


77 


59*9 


28 


2*^ 


78 


6084 


29 


«4i 


79 


6241 


JO 


930 


80 


6400 


II 


9^1 


81 


656X 


J2 


1024 


82 


6724 


33 


io8q 
1156 


8J 
84 


6889 
7056 


35 


X225 


85 


7225 


36 


1296 


86 


7J96 


^1 


1109 


87 


75^ 


38 


1444 


88 


7744 


39 


I52I 


89 


7921 


4P 


1600 


90 


8100 


4' 


I68I 


91 


8281 


4» 
A3 

44 


1764 
1840 

I9JO 


92 
93 
94 


883I 


45 


2025 


95 


9025 


46 


2116 


96 


9216 


^ 


2209 

2J04 


12 


9409 
9604 


49 


2401 


99 


9801 


50 


2500 


ICO 


toooo 



No. Square. 


No. 


Square. 


No. 


Square. 


lOI lOSOI 


151 


22801 


20t 


4CVK>1 

4804 


xoj loteo 
104 ioBx6 


152 


21104 


202 


153 

«54 


*340Q 
23710 


20J 
204 


41616 


105 


1 1025 


155 


2402f 


205 


42025 


106 


II2j6 


156 


*4|36 


206 


4*43« 


:3 


;!ffi 


Vi 


24M 
*4964 


207 
208 


4*849 
4I264 


109 11881 


159 


25281 


209 


43681 


no 


12 ICO 


160 


25600 


2x0 


44100 


III 


I2I2I 


i6x 


259*t 


2IX 


44521 


112 


12544 


162 


26244 


212 




III 


12760 


163 


26500 


213 


45369 


114 


12990 


164 


26890 


214 


45796 


"5 


13225 


165 


27225 


215 


46225 


116 


13456 
13689 


166 


*7556 


216 


46656 


"2 

118 


167 


27889 


217 


47089 


13924 


168 


28224 


218 


47524 


1x9 


I4161 


169 


28561 


219 


47961 


120 


14400 


170 


28900 


220 


48^00 


121 
122 


J^ 


171 

172 


29241 
*9584 


221 
222 


488^1 
49284 


I2J 


15120 
15376 


173 


29929 
30276 


22J 


49729 
50176 


124 


174 


224 


125 


15625 


175 


30625 


225 


50625 


126 


15876 


176 


30976 


226 


51076 


127 


16129 


177 


31329 


227 


51529 


128 


i6|84 


178 


31684 


228 


51984 


129 


I'^i 


179 


32041 


229 


5*441 


HO 


16900 


180 


32400 


230 


52900 


ni 


17161 


181 


32761 


231 


53361 


IJ2 


17956 


182 


33124 


232 


53824 


133 
«4 


183 
184 


33489 
33856 


233 

*34 


54*89 
54756 


135 


18225 


185 


34*25 


^35 


55*25 


116 

Xi7 


^ 


186 

187 


34596 
34969 


236 
237 


55696 

56169 


IJ8 


19044 


188 


35344 


238 


56644 


^9 


I9|2I 


189 


35721 


239 


57121 


140 


19600 


190 


36100 


240 


57600 


141 


X988I 


191 


36481 


241 


58c8i 


142 


20164 


192 


36864 


242 


58564 


H3 


20440 
20736 


193 


'^ 


*43 


59049 
595 ?6 


144 


194 


244 


145 


21025 


195 


38025 


245 


60025 


146 


2ZJl6 


196 


J8416 


246 


60516 


"^2 


21609 


197 


18809 


247 


61009 


148 


21904 


198 


39304 


248 


61504 


149 


222PI 


199 


39601 


249 62001 1 


150 


22500 


200 


40000 


250 

1 


62500 1 
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No. 



251 
252 

253 
254 

256 

257 
258 
259 
260 

26x 
262 

26i 

265 

266 

267 
268 
269 

270 

271 

272 

27i 

274 

275 

276 

277 
278 
279 

280 

281 
282 

283 
284 

285 

286 
287 
288 
289 
290 

291 
292 
29; 
294 
295 

296 

297 
298 

299 
ioo 



Square. 



6joox 

63504 
64000 

64516 
65025 

665^ 
67081 
67600 




70225 



0756 
1289 
1824 
2361 
2900 

J44I 

3984 
4520 

5076 

5625 

6176 
6729 
7284 
7841 
8400 

8961 

9524 
80089 
80656 
8x225 



81796 
82J69 
82944 
8J52I 
84100 

8468X 
85264 

85849 
86436 
87025 

876x6 
88209 
88804 
89401 
90000 



No. 



30X 
J02 
joj 
J04 
305 

J06 

307 
J08 

309 
310 

m 
J12 
31J 

Hi 

316 

317 
3x8 

319 
320 

32X 

322 

323 
324 

325 

326 

327 
328 

329 
J30 

in 
332 
iij 
334 

il5 

336 

317 

339 
J40 

34» 
342 
343 
344 
345 

346 

347 
348 

349 
350 



Square. 



90601 
91204 
91809 
92416 
93025 

93636 

94249 
94864 

95481 
96100 




99856 
X00489 
101124 
101761 
102400 

X0304X 
X03684 
X04329 
104976 
105625 

X06276 
106929 
X07284 
108241 
108900 

X09561 
XX0224 
XI088Q 
X11550 
XI 2225 

X 12896 

I 13569 

X 14244 
1x4921 
XX5000 

XI628I 

II6964 
XI7649 

1x8330 
XX9025 

1x97x6 
120409 
X2II04 
X2I80I 
122530 



No. 



351 
352 

354 

ns 

356 

357 
358 

360 

361 
362 

363 
365 

366 

367 
368 

369 
370 

371 

m 
373 

374 
375 

376 

377 
378 

379 
380 

38f 
382 
383 
384 
385 

386 

387 
388 

389 
390 

39» 
392 
393 
394 
395 

396 

397 
398 

399 
400 



Square^ 



123 20X 

123904 
X24600 

125 }i6 

126025 

126736 

127449 
128164 

I 28881 

X29^0O 

130321 
I3I044 
1317 

1324< 

133225 

133956 
134689 
135424 

I36I6I 

136900 
137641 

x;8{84 

139129 
X39876 
140625 

141376 
142129 
142884 
X43641 
144400 

X4fi6f 

146689 
147456 
148225 

148996 

14*^769 

150544 
15132X 

152100 

152881 
X 53664 

154449 
155236 
X56025 

X56816 
157609 
158404 
I 59201 
X60000 



No. 



4DX 

402 

403 
404 

405 

406 

407 

408 

409 
410 

411 
412 

4«3 

4»4 
415 

416 

4x7 
418 

4»9 
420 

421 
422 
423 
424 
425 

426 

428 
429 
430 

431 
432 
433 
434 
435 

436 

438 

439 
440 

441 
442 
441 



445 

446 

447 

448 

449 
450 



Square. 



No. 



Square. 



16080X 


451 


161604 


452 


162409 

l6}2l6 


453 
4M 


X64025 


455 


164836 


456 


165649 
X66464 


457 
458 


16728 I 


459 


X68IOO 


460 


X6892I 


46-1 


169744 
170569 


463 


171396 


464 


172225 


465 


173056 


466 


173889 


467 


174724 


468 


175561 


469 


X 76400 


470 


j?2a: 


471 
472 


X78929 


473 
474 
475 


X8X476 


476 


X82329 


477 


183x84 


478 


X8404X 


4'J9 


X84900 


480 


185761 
X86624 


481 
482 


187489 
188356 


483 
484 


X89225 


485 


X90C06 
190969 


486 

487 


191844 


488 


X9272X 
193600 


489 
490 


194481 


491 


195364 


492 


196249 

1971 ?o 


493 
494 


198025 


495 


298916 


496 


199809 


497 


200704 

20I60X 


498 
499 


102500 


500 







203401 
204304 
205209 
2061 16 
207025 

207936 
208849 
2097()4 
210681 
2x1600 

2x2521 

213444 
214369 
215296 
2x6225 

2x7x56 
218089 
219024 
219961 
220900 

22X84X 
222784 
221729 
224676 
225625 

226576 
227529 
228484 

229441 
230400 

231761 
232324 
233289 

234250 
235225 

236x96 
237169 
238144 
239121 
240x00 

24ro8x 
247064 
243049 
244036 
745025 

2460x6 
247009 
248 ro4 
24900X 
250000 
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No. 


Square. 


No. 


Square. 


No. 
60X 


Square. 


No. 


Square. 


No. 

70X 


Square. 


!• 


JOI 


291001 


551 


J0160X 


l6x2ox 


65X 


421801 


49140X 




50a ! 252004 


55s 


J04704 


602 


162J04 


652 


425x04 


702 


49*804 




50? . 151009 
504 254016 


551 
554 


J05809 
I06916 


601 


161609 
1648x6 
166025 


651 
654 


426400 
427716 


701 
704 


494*09 
495616 




505 


255025 


555 


J08025 


605 


655 


429025 


705 


4970*5 




506 256016 


556 


109x16 


606 


1672 ?6 


656 


4*01 ?6 


706 


498416 




?3 


WSS, 


557 
558 


1X02^9 

*xx?64 


^ 


]^ 


657 
658 


4*»6l9 
41*964 


?3 


5???^ 




509 


25908X 


559 


il2^I 

*xj6oo 


609 


170881 


659 


4*4*8x 


709 


50268X 


& 


510 


260100 


560 


6x0 


172100 


660 


4*5600 


710 


504100 


^^ 


5" 


261 nx 


56X 


JX472X 


6xx 


17**»x 


661 


41692X 


7" 


505521 




512 

511 


262x44 
26)169 


562 
561 


*i58jj4 


6x2 
6x1 


174544 
*75769 


662 
661 


4*8244 
4*9500 


7x2 
71* 


5^*8 




514 


264196 


^^ 


J18096 


614 


^ 


714 


509796 




$^5 


265225 


565 


1x9225 


6x5 


*78225 


665 


442225 


715 


5XX225 




J16 


266256 


566 


120J56 


6x6 


179456 
180689 


666 


44*556 


716 


5x2656 




VI 


267289 


'S2 


32x^89 
322624 


6x7 


667 


444899 
446224 


717 


514089 




518 


268124 


?? 


618 


18x924 


668 


718 


5x5524 




519 


26916X 


569 


12176X 


6x9 


l8ix6x 


669 


447561 


719 


5x6961 




520 


270400 


570 


J24900 


620 


184400' 


670 


448900 


720 


5x8400 




521 


2714x1 


57X 


J2604X 


621 


185641 
186884 


671 


45024X 
45x584 


72X 


5x9841 




522 


272484 


57» 


127x84 


622 


672 


722 


521284 




521 

524 


27*529 
274576 


57* 
574 


128129 
129576 
1*0625 


621 
624 


188x29 
189176 


67* 
674 


452929 
454*76 


7** 
7*4 


522729 
524176 




525 


175625 


515 


625 


190625 


675 


455625 


7*5 


525625 




526 


276676 


576 


**i77€ 


626 


19x876 


676 


456976 


726 


527076 




527 


277729 


577 


1*2927 


tk 


19*1*9 


677 


458129 


7*7 


528529 




528 


278784 


578 


114084 


*94*84 


678 


459684 


728 


529984 




529 


279841 


579 


**524X 


629 


195641 


679 


461041 


7*9 


51x441 




5io 


280900 


580 


1*6400 


610 


196900 


680 


46^400 


7*0 


512900 




in 


28196X 


58X 


1*7561 


5^^ 


198x6x 


68x 


46?76i 


7*x 


514*61 




5J2 


287024 


582 


1^8724 


612 


401956 


682 


465124 


7** 


5*5824 




5IJ 

5i4 


284089 
285156 


58* 


1*9889 
*4io56 


611 

614 


681 
684 


467856 


7** 
7*4 


5*7289 
5*8756 




5J5 


286225 


585 


14«»»5 


615 


401225 


685 


469225 


715 


540225 




5J6 


287296 
288 J69 


586 

*S2 


14**96 
1445&9 


616 
617 
618 


404496 
405769 


686 

687 


470596 
471909 


7*6 

717 


541606 
54*169 




5J8 


289444 


588 


*45744 


407044 


688 


47**44 


7*8 


544644 
546x21 




519 


290521 


589 


*469ix 


6*9 


40812X 


689 


47472X 
476100 


7*9 




540 


29x600 


590 


148100 


640 


409600 


690 


740 


547600 




541 


29268X 


591 


149»8x 


64X 


41088X 


69X 


477481 


741 


549801 




54* 


291764 


592 


150164 
*5x649 
1528 j6 


S** 


4x2164 


692 


478864 


74* 


550564 




54* 

544 


294840 
2959*6 


59* 

594 


644 


41*449 
4x4716 


694 


480249 
48i6?6 


74* 
744 


552049 

55*5*6 




545 


297025 


595 


154025 


645 


416x25 


695 


48*025 


745 


555025 




546 


2981 16 


596 


*552i6 


646 


417116 


696 


484416 


746 


556516 




547 
548 


299209 
*oojo4 


597 
598 


156409 

157004 


^ 


4x8609 
419904 


^ 


485809 
487204 


747 
748 


558009 
559?04 




549 


J0140X 


599 


158801 


649 


421201 


699 


488601 


749 


561001 




550 


J02500 


600 


160000 


650 422500 


700 490000 


w 9 ^ 

750 


562500 
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s of Diameters, 

s of Diametets— ««iinii«/. 



No. jsq^ir.. 


No. 


Squ™, 


No. 


Sq.,«. 


No. 


Squ^ 


No. jsqa>«.| 


71" 


J^"' 


Bol 


64160. 


85. 


71410. 


90. 


8..8a> 


951 


x; 






Bai 


641104 


851 


7i9ip 


901 


S.1604 




1 


^|S 


«oj 

«o4 


w 


8(1 

854 


V> 


:;» 


1 


K3 






Boj 


64*='! 


8J5 






8.9015 




9W015 


Wfi 


I7I5>6 


B06 


649616 


856 


7 J 17)* 


906 


Blr*l6 


956 


i 




JlfoBi 
577*00 


a 


g 


1 




g 


3 


958 

SI 


761 






6577" 








8I9911 


96. 


911(11 


761 


s 


8U 
S14 


6S9M4 


861 

iSi 


s 


9>4 


Ss 


964 919196 


,6, 


'b5"5 


8.( 




865 






817115 


965 1 9)'li5 


766 


(867 J6 


S16 


»!e56 


866 


!SS 


9.6 


81900 


966 1 9,1.56 


;s 


fSB2S9 


817 


667489 


867 


9.7 


840889 


S'KS 


589814 


giS 


669114 


868 751414 


918 


841714 


^69 


I9n6i 


B19 


Wo-fii 


86, 755TS 


919 


as 


969 9)Mi 


7TO 


I9J9" 


g» 


6,1400 


870 


756900 


910 


BWIM"*™ 


17' 


J«9«4 


811 


674041 


871 


75864. 


911 


848141 


». 1 WM. 






675684 


871 


76=184 


911 


8(«*t 


E^als 


17« 


J99°76 


Bu 
814 


s 


874 


^]IU 




iS 


T?J 


bOD6l) 


815 




765615 


91J 


97J 95<*i5 


T!6 


Uai-j6 


8I6 


6811,6 


876 


767,76 


916 


857476 


976 ' 9,1,76 




to)7i9 


811 


68J919 


877 


769119 


917 


8,9,1, 


977 954519 


n* 


60J184 




685,84 




770884 


918 


86..B4 


978 9^1484 


179 


fo6«4< 


819 


6S714T 


879 


77164. 




86)041 


V^,;^ 


ISO 


608400 


8,0 


688901 


aeo 






864900 


la. 


609961 


g„ 


69=56. 


SSI 


776.6. 


9" 


a'4 


98. i 96116. 


78! 

s 


61 If 14 

m 


g 


sii 


881 
884 


IIS 


9U 


sss 


785 




697115 


885 


781115 


9!5 


874115 


985 «o». 


786 
78J 


l\V^ 


8rt 


7005^ 


886 
8B7 


a 


9,6 
9 '7 


S 


986 9,1.06 

987 97J.69 


78* 


t^ 






88B 


788544 


918 


988 97t;.44 


789 


64™ 


a{l 


70W1I 
70j6co 


B 


'^Em 


94= 88,i» 


990 So!^ 




6»!6Bi 




70718. 




79,88. 




88,481 




791 
791 


6n5i4 

s-3 


S44 


B 




941 
944 


887,^ 
19°?^ 


991 9«j*4 
994 9»wS 


79i 


6|10H 


8« 


714015 


895 1 80.015 


9*5 


891015 


995 1 99«« 


796 


611616 


846 


7.57.6 


896'8«B^ 


946 


g 


99« 991016 


^ 


ts 


S! 




1^ K 


1 


S §« 


^ 


6jB40I 


849 


710801 


899 B08IO. 






999 998«. 


64«co 


85i 


711JC0 


900 j B.COD0 


950 


901500 
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SUNDRY RECIPES. 

I. Shell'iac varnish for glass (^9xn%). 

Put I oz. of the shell-lac of commerce into a udde- 
mouthed 8-ouiice phial, containing 5 oz. of well-rectified 
naphtha, wood or spirit Close the bottle with a cork, 
and let it stand in a warm place until perfectly dissolved. 
Shake the mixture frequently, and pass the fluid through 
a paper filter; add rectified naphtha to the solution from 
time to time in such quantities as will enable it to 
percolate freely through the filter. Chamge the filter 
when necessary. 

a. Varnish far paper y for insulating. 

Dissolve I oz. of Canada balsam in 2 oz. of spirits of 
turpentine. Put into a bottle and digest at gentle heat, 
and filter before being cold. 

3. Varnish far silk, 

Boiled oil, 6 oz., and 2 oz. of clear spirits of turpen- 
tine. 

4. Electrical cement, 

Harris prefers the best sealing-wax. . 

5. Amalgam far electrical machiftes. 

Tin I, Zinc 2. Mercury 4. 

The best and cheapest plan for amalgam is to buy it 
reatiy made at an electrical instrument maker's. For 
ebonite places the amalgam should be softer than for 
glass. 
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6. Solder* 

For line wires, Tin i, Lead i J ; or Tin 1, Lead i. 

7. Marine ^ue. Much used in batteries. 

In 12 parts of benzole dissolve i of india-rubber, and 
to the solution add 20 parts of powdered shell-lac, heating 
the mixture cautiously over a fire. Apply with a brush. 

8. Printing solutions for Bains. 

I part ferro-C3ranide of potassium saturated solution ; 
I part nitrate of ammonia saturated solution, i part of 
each solution to 2 parts of water. 

9. Cement for insulators. 

Sulphur, lead, plaster of Paris, with a little glue to 
prevent it setting quickly. 

10. Muirheads cement, 

3 lb. Portland cement, 3 lb. rough sand, 4 lb. smith's 
ashes, 4 lb. resin. 

1 1. BlcuJi cement, 

I lb. rough sand, i lb. smith's ashes, 2 lb. resin. 

12. Siemens* cement 

12 lb. black iron rust or iron filings, 100 lb. sulphur. 

* Soldering (CuUey). Connections in apparatus and test-boxes 
must never be soldered with acids or chloride of zinc. These liquids 
cannot be entirely removed, and will corrode the metaL If spilled 
on wood, or even on ebonite, chloride of zinc never dries, and 
injures the insulation. Resin must always be used. 
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LOGARITHMS. 

To cotrvert Common into Hyperbolic Logarithms. 

Table. 





Common 


Hyperbolic 






Logarithms. 


Logarithms. 






I* 


a'302585i 






a* 


4*6051702 






3* 


6-9077553 






4* 


9-2103404 






5' 


11-5129255 






6- 


i3'8i55io6 






r 


16 '118095 7 






8- 


18*4206^07 






9* 


20*7232658 





Write the common logarithm (as shown in the follow- 
ing exanaple), and then take from the table the equiva- 
lent value of each figure in the hyperbolic logarithms, 
taking care that the latter are each moved as many 
places to the right as the corresponding numbers in the 
common logarithms are. The sum of the whole will 
be the hyperbolic logarithm required. 

Example,-^'Kt(\mrtA the hyp. log. of 3156. The common log. 
of 3156 is 3 '499137 ; therefore 

Common Log. Hyp. Log. 

3* 6-907755 

•4 •921034 

•09 '207232 

'009 . , -020723 

•0001 '000230 

•00003 ...... -000069 

•000007 ••.••• -000016 

3'499i37 8-057061 

To convert common into Napierean logarithms, mul- 
tiply the common logarithms by 2-3025851. 
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On the following pages will be found a table of 
Napierean logarithms from i to 6, calculated to the 

second decimal place for finding the exact value of log -j 

for various sizes of telegraph conductor. 

In the table of common logarithms will be found a 
column giving th^ arithmetical complement of each 
logarithm ; this gives great facility for working sums in 
proportion, and other calculations in which division 
becomes necessary; the addition of the arithmetical 
complement giving the same figures as the subtraction of 
the original logarithm would have done. 

Thus ^^^ ^ ^ — becomes 
924 

log 140 = -14613 

log 386 -58659 

A. Comp. 924 '03432 

76704 = 585- 
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Table of natural or Napierean logarithms from i to 6, for finding the 

ydue.ofiog.5. 



' + •00 


+ 01^ 


■¥'02 


+•03 


+ 04 


+ •05 


+ •06 


+ •07 


+ •08 


+ •09 


1*0 1 0*000 


0*010 


0*020 


0*030 


0*039 


0*049 


0*058 


0*068 


V^ 


0*086 


i*a i o*i8a 


0*104 


o*m 


0*122 


0*131 


0*140 


0*148 


0*157 


0-174 


0*191 


0*190 
0*278 


0*207 


0*215 


0*223 


0*231 


0*239 


0-247 


0*255 


x'j 1 0*262 


0*270 


o*28f 


0*203 
0*365 


0*300 


0*307 


0*315 


0*322 


0*^9 


1*4 0-JJ6 


0-144 


0-35X 


0*358 


0372 


0*378 


0*385 


0*392 


0*399 


1*5 o*^ 


0.412 


0*419 


0*425 


0*412 


o*4j8 


o*445 


0*451 


0-457 


0*464 


1*6 ' 0*470 


0*476 


0*482 


0*480 

o*54« 


0*495 


0*501 


0*507 


0*51? 


0*519 


0*525 


1*7 ' o*5jx 
1*8 ' o'5«8 


o*5l6 


o-54> 


0-554 


0*560 


0*565 


0-571 


0-577 


0*582 


0-591 


0*599 


0*604 
0*658 


o*6io 


0-615 


0*621 


0*626 


o*6|i 


o*6?7 


1*9 


0*642 


0*647 


0*652 


0*663 


0*668 


0*673 


0*678 


0*683 


0*688 


2*0 


0*691 


0*698 


0*703 


0*708 


0*713 


0*718 


0*723 


0*728 


0*712 


0*737 


1*1 


o*7^ 
0*588 
0-8J3 
0*875 


0*747 


0*751 


0*756 
o*8o2 


**'25i 


0*765 
0*811 


0*770 


0-775 


0-719 


0*784 


2*2 


0*791 


0*798 


o*8o6 


0*815 


0*820 


0*824 


0*829 


2*4 


o*8?7 
o*88o 


I'X 


0*846 
0*888 


0*850 
0*892 


0*854 
0*896 


0*859 
0*900 


0*863 
0*904 


0*867 
0*908 


0-871 
0*912 


2*5 


0*916 


0*920 


0*924 


0*928 


0*932 


0*936 


0*940 


0-944 


0*986 


0*952 


2-6 


0*956 


0*959 


0*963 


0*967 


0*971 


0*975 


0*978 


0-982 


0-990 


x\ 


0-991 


0-997 


X'OOl 


1*004 


1*008 


I -012 


1*015 


1*019 


1-022 


1*026 


I'OJO 


I'OJI 


1*037 


1*040 


1044 

1*078 


1-047 


1*051 


1-054 


1*058 


1*061 


2*9 


1*065 


x*o68 


1*072 


1*075 


1'082 


1*085 


1*089 


1*092 


1*095 


I'O 


1*099 


I*T02 


1*105 


1*109 


1*112 


1*115 


i'Ii8 


1*122 


1*125 


1*128 


J'l 


I'lJI 


1-115 


1*138 


1*141 


114^ 
1*176 


1*147 


1*151 


1-154 


1-157 


i*i6o 


It 


i*i6j 


x*i66 


1*169 


1*172 


1*179 


1*182 


1*185 


1*188 


1*191 


3'i 


1*194 


1*197 


1*200 


1*203 


1*206 


1*209 


1*212 


1*215 


1*218 


1*221 


r4 


1*224 


1*227 


1*230 


1*233 


1-235 


1*238 


1*241 


1-244 


1-247 


1*250 


^'f 


I 253 


1*256 


1*258 


1*261 


1*264 


1*267 


1*270 


1-273 


1*275 


i:*78 


yb 


1*281 


1*284 


1*286 


x*28q 
1*310 


1*292 


1-295 


1*297 


1*300 


i-3-»3 


1*306 


1:2 


i*jo8 


1*311 


1*314 


1-319 


1*322 


1-324 


1-327 


1-330 


1-332 


I-JI5 


l-3?8 


1*340 
1*366 


1-343 
1-369 


1-345 


i-34« 


1-351 


1-353 


1-356 


1-358 


J*9 


i*j6i 


1-164 


1*371 


1-174 


1-376 


1-179 


1*381 


1-384 


4*o 


1*386 


1-189 


1*391 


1-394 
1*418 


1*396 


1-199 


1*401 


1*404 


.1*406 


1*409 


4-1 


1*411 


I -411 


X'416 


1*421 


1*42? 


1*426 


1*428 


I -410 


1-411 


4*2 


i'4« 


1-417 


i*4JO 
I -461 


[■% 


1-445 
1*468 


1*447. 


1-449 


1*452 


1-454 


1-456 


4'i 


1-459 


1*461 


1*470 


1*472 


1-475 


1-477 


1*479 


4*4 


1*482 


1484 


1*486 


1*488 


1*491 


1-491 


1-495 


1-497 


1-500 


1*502 


4*1 


1*504 
I •526 


1*506 


1*509 


1*511 


i-5n 


1-515 


1-517 


1-520 


1*522 


1*524 


4*6 


1*528 


1-510 


i'$n 


1-515 


1-517 


i-5?9 


1-541 
1-502 


\-l^ 


1-545 
1-567 


4*7 


1-548 


1*550 


I -55* 


1-554 


1-556 


1-558 


1*560 


4*8 


1-569 


1*571 


1-571 


1-575 


1-577 


1-579 


1*581 


1-583 


1-585 


1-587 


4*9 


1-589 


1*591 


1-591 


1*595 


1-597 


1*599 


I -601 


1*603 


1*605 


I 607 


5*o 


1-609 


1*611 


i*6i3 


1*615 


1-617 


1*619 


1*621 


1-623 


1*625 


1-627 


5-1 

5*2 


1*629 


1*631 
1*651 


1*633 
1*652 


1*635 
1*654 


1-637 
1*656 


1*639 
1-658 


1*641 
1*660 


1:^ 


r^ 


MS 


5-J 


1*670 


1*671 


1-673 


1*675 


;:^ 


1*679 


1-681 


1-683 


1 685 


5*4 


1-686 


1*688 


1*690 


1*692 


1*694 


1-697 


1-699 


1*701 


1-703 


^'1 


1*705 


1*707 


1-708 


1*710 


1*712 


1-714 


1*716 


1*717 


1*719 


1721 


5*6 


i-7iJ 


1*725 


1-726 


1*728 


1*730 


1*732 


1-711 


1-715 


1-737 


1-719 
1*756 

1*771 


5-7 
5-8 


1*740 
1-758 


1-7^2 

1*760 


x-744 
1*761 


1-746 
1-763 


1-747 
1*765 


MS 


1-751 
1*768 


1-751 

1*770 


1-754 

1-772 


5-9 1-775 


1*777 


1-778 1*780 


1*782 


1-781 


1-785 


1-787 


1*788 


1*790 



Common Logarithms, i to 150. 
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Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 




—00 


00 


















•0000 


51 


•70757 
•71600 


•29243 


XOI 


•00412 


•99568 




•30103 


•6989f 


52 


•28400 


X02 


•00860 


•99140 




:gS 


•62288 


9i 


•72428 


•27572 


103 


•0x284 


•98716 




•39794 


54 


•7»39 
•74036 


•26761 


104 


•01703 


•9829T 




69897 


. -30103 


$% 


•26964 


105 


•02XX9 


•97881 


6 


•77815 


•S2185 


56 


•74819 


•26181 


X06 


•025JX 


•97469 


I 


•84510 


•16490 


57 


•75587 


•24413 


;2 


•02938 


•97061 


•90309 


•09691 


58 


•76343 


•23657 


•03342 


•96668 


9 


•954*4 


•04676 


|9 


•77085 


•22916 


109 


•o?74J 


•96267 


xo 




•00000 


Go 


•77815 


•22186 


xxo 


•04x39 


•96861 


XI 


•04x39 
•07918 


•96861 


6x 


•78533 


•21467 


XXX 


•04532 


•95468 


12 


•92082 


62 


.79239 


•20761 


XX2 


•04922 


•95078 


13 


•"394 


•88606 


63 


m 


•20066 


XI3 


•05308 


•94692 


H 


•14613 


•85387 


S* 


•19382 


XX4 


•05690 


•94310 


15 


•X7609 


•82391 


^* 


•8x291 


•18709 


1x5 


•06070 


•93930 


x6 


•204x2 


•79688 


66 


•81954 
•82607 


•18046 


xx6 


•06446 


•93654 


17 


•23045 


•76966 


67 


•17393 


"2 

xx8 


•068x9 
•07x88 


•93181 


18 


•255»7 


•74473 


68 


•83251 


•16749 


•92812 


19 


•27875 


•72126 


69 


•83885 


•16116 


119 


•07555 


•92446 


20 


•30103 


•69897 


70 


•84510 


•16490 


X20 


•079x8 


•92082 


21 


•32222 


•67778 


71 


•85x26 


•14874 


I2X 


•08270 
•o86j6 


•91721 


22 


•34242 
•36173 


•66768 


7a 


•85733 


•14267 


X22 


•91364 


2? 


•63827 


73 


•86132 


•13668 


X2t 


•0899X 


•910(10 


24 


•38021 


•61979 


74 


•86923 


•13077 


X24 


•09 H2 


•90668 


25 


•J9794 


•60206 


75 


•87506 


•12494 


125 


•0/9X 


•90309 


26 

»7 
28 


•41497 
•4^36 

•44716 

•46240 


* 68603 
•66864 
•65284 


76 


•8808X 
•88649 
•89209 


•11919 
•11361 
•10791 


X26 


•X0037 
•X0380 
•X0721 


•89963 
•89620 
•89279 


29 


•63760 


79 


•89763 


•10237 


X29 


•11059 


•88941 


30 


•4771a 


•62288 


80 


•90309 


•09691 


X30 


•11394 


•88606 


31 


•49136 


•60864 


8x 


•90849 


•09161 


X3X 


•11727 


•88273 


12 


•50515 


•49486 


82 


•91 381 


•08619 


X?2 


•12057 


•87943 


i? 


•51851 


•48149 


83 


•91908 


•08092 


m 


•X2385 


•87616 


34 


•5?i48 


•46862 


^4 


•92428 


•07572 


iH 


•X2710 


•87290 


n 


•54407 


•46593 


85 


•92942 


•07068 


135 


•H033 


•86967 


36 


•556?o 


•44370 


86 


•9J450 


•06660 


X36 


•i??54 


•86646 


37 


•56820 


•43180 


87 


•9J952 


•06048 


"2 
i?8 


•i?672 


•86328 


38 


•57978 


•42022 


88 


.•94448 


•06662 


•13988 


•86012 


59 


•59106 


•40894 


89 


•949*9 


•06061 


1J9 


•X410X 


•86699 


40 


•60206 


•39794 


90 


•95424 


•04676 


140 


•X46X3 


•85387 


41 


•61278 


•38722 


91 


•95904 


•04096 


X4X 


•X4922 


•86078 


42 


•62125 


•37676 


92 


•96179 


•03621 


142 


•X5229 


•84771 


4J 


•61347 


•36653 


93 


•96848 


•03152 


14J 


•155?4 
•158?6 


•84466 


44 


•64H5 


•36666 


94 


97313 


•02687 


144 


•84164 


45 


•65321 


•34679 


95 


•97772 


•02228 


145 


•16x37 


•83863 


46 


•66276 


•33724 


96 


•98227 


•01773 


X46 


•164J5 


•83666 


47 


•67210 


•32790 


97 


•98677 


•01323 


147 


•X67J2 


•83268 


48 


•68124 


•31876 


98 


•99123 


•00877 


148 


•17026 


•82974 


49 


•69020 


•30980 


99 


•99564 


•00436 


149 


•173x9 


•82681 


50 


•69897 


•30103 


100 


*0000O 


•00000 


150 


M7609 


•82391 
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Common Logarithms, i^i to 300. 



Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


151 


•17898 


•8»ns 


SOI 


•30320 


•69680 


251 


•39967 


•60033 


I»2 


'X8184 


•81816 


202 


•305J5 


•69465 


252 


•40140 


•59860 


I5J 


•18469 


•eissi 


20J 


•30750 


•69250 


253 


•40312 


•69688 


i<4 


•18752 


•81248 


204 


•10961 


•69(;37 


254 


•40483 
•40654 


•59517 


i$5 


•i<Pil 


•f>Oft67 


205 


•31175 


•68825 


255 


•69347 


156 


•I9?I2 


80687 


206 


•3x387 


•6861S 


256 


•40824 


•69176 


"J7 
158 


:||IS 


80410 
•80134 


207 
208 


•3x597 
•31806 


•68403 
•68194 


''2 
258 


•40993 
•41 162 


•69007 
•58838 


'S 


* 20140 


•79860 


209 


'32015 


•67985 


*59 


•41330 


•68670 


160 


*204I2 


•T9688 


210 


'32222 


•67778 


?6o 


•41497 


•58503 


161 


•20661 


•7M1T 


2X1 


•32428 
•326J4 


•67672 


26x 


•41664 


•68336 


i6a 


•20952 


•79048 


212 


•67366 


262 


•41830 


•68170 


i6j 


•21219 


•78781 


2I| 


•32838 


•67162 


26j 


•41996 
•42160 


•58004 


'S^ 


•21484 
21748 


•78516 


214 


•33041 


•66969 


264 


•57840 


l6j 


•78252 


215 


•33244 


•66756 


265 


•42325 


•67676 


166 


* 22011 


•77989 


216 


'13445 


•66556 


266 


•42488 
•42651 


•676«2 


'S 


•22272 


•77728 


217 


•33646 


•66354 


267 


•67349 


168 


•22511 


•77469 


2X8 


•33846 


•66154 


268 


•42813 


•57186 


169 


'22789 


•77211 


219 


•34044 


•65956 


269 


•42975 


•57(25 


170 


•2J045 


•76966 


220 


•34242 


•65758 


270 


•43136 


•56864 


171 


•2JJOO 


•76700 


221 


•34439 
•34635 


•66561 


271 


•4J297 


•66703 


172 


•2J55I 


•76447 


222 


•65365 


272 


•43457 


•56543 


171 


•21805 


•76196 


221 


•34810 


•65170 


273 


•41616 


•56384 


174 


•24055 


• •76946 


224 


•15025 


•64975 


274 


•43775 


•56225 


175 


•24304 


•75696 


225 


•352x8 


•64782 


275 


•4393; 


•56067 


X76 


•24551 


•76449 


226 


•354" 

•35603 


•64589 


276 


•44091 


•55909 


"■^2 


•24797 


•76203 


227 


•64397 


277 


•44248 


•56752 


178 


•25042 


•74958 


228 


•35793 


•64207 


278 


•44404 


•55596 


179 


•25285 


•74715 


229 


•35984 


•64016 


279 


•44560 


•65440 


x8o 


•25527 


•74473 


2iO 


•36x73 


•638i7 


286 


•44716 


•55284 


181 


•25768 


•74232 


2TX 


•»6|6i 


•63639 


281 


•44871 


•66129 


182 


•26007 


•73993 


232 


•36549 
•3'7J6 


•63451 


282 


•45025 


•64975 


18? 


•26x45 


•73756 


231 


•63264 


28} 


•45179 


•64821 


'^ 


•26482 


•73518 


234 


•36922 


•63078 


284 


•45332 


•54668 


185 


•26717 


•73283 


235 


•37107 


•62893 


285 


•45484 


•54516 


X86 


•46951 


•73049 


236 


•37291 


•62709 


286 


•45617 


•54363 


187 


•27184 

•27416 
•27646 


•72816 


237 


•37475 
•37658 


•62525 


287 


•45788 


•54212 


188 


•72S84 


238 


•62342 


288 


•459 9 


•54061 


189 


•72354 


239 


•37840 


•62160 


289 


•460.0 


•53910 


190 


•27875 


•72126 


240 


•J 8021 


•61979 


290 


•46240 


•53760 


191 


•28IOI 


•71897 


241 


•38202 


•61798 


291 


•46389 


•63611 


192 


•28? JO 


•71670 


242 


• 18382 


•61618 


292 


•465J8 


•53462 


191 


•28556 


•71444 


243 


• 18561 


•61439 


29? 


•46687 


•53313 


«94 


•28780 


•71220 


244 


•38739 


•61261 


294 


•46835 


•53165 


»95 


•29003 


•7(996 


245 


38917 


•61083 


295 


•46982 


•53018 


196 


•29226 


•7(774 


246 


•'9094 


•60906 


296 


•47129 
•47276 


•62871 


197 


•29447 

•29667 


•706R3 


247 


•39270 


•60730 


297 


•62724 


198 


•7«333 


248 


•39445 
•J9620 


•60556 


298 


•47422 


•52578 


199 


•29885 


70115 


249 


•60380 


299 


•47567 


•524S3 


200 


•JOIOJ 


•69897 


250 


•J9794 


'6C206 


300 


•47712 


•52288 



Common Logarithms, 301 to 450. 
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Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


jor 


•47857 


•52143 


i 

351 


•545?i 


•45469 
•45346 


4DI 


•60314 


•39686 


302 


•48001 


•61999 


352 


•54654 


402 


•60423 


•39577 


J03 


•48144 


•51856 


353 


•54777 


•45223 


403 


•60531 


•39469 


304 


•48288 


•51712 


354 


•54900 


•45100 


404 


•60638 


•39362 


J05 


•48430 


•51570 


ISS 


•55023 


•44977 


405 


•60746 


•39254 


306 


•48572 


•51428 


356 


•55145 


•44855 


406 


•60853 


•39147 


J07 


•48713 


•51287 


357 


•55267 


•447 J3 
•44612 


407 


:^ol? 


•39041 


JOB 


•48855 


•51145 


358 


•55388 


408 


•38934 


i09 


•48996 


•51004 


359 


•55590 


•44491 
•44370 


409 


•61172 


•38828 


310 


•49136 


•50864 


360 


•55630 


410 


•61278 


•38722 


311 


•49276 


•50724 


361 


•55751 


•44249 


411 


•61384 


•3S616 


J12 


•49415 


•50685 


362 


•55871 


•44129 


412 


•61490 


•38510 


Ji| 


•49554 


•50446 


363 


•55991 


•44009 


413 


•61595 


•38405 


?M 


•49693 


•50307 


364 


•561 10 


•43890 


414 


•61700 


•38300 


315 


•49831 


•50169 


365 


•56229 


•43771 


415 


•61805 


•38196 


J16 


•49960 
•50106 


•50031 


366 


•56348 


•43652 


416 


•61990 


•38091 


117 


•49894 


367 


•56467 


•43633 


417 


•62014 


•37986 


318 


•50243 


•49757 


368 


•56585 


•43416 


418 


•621 18 


•37882 


J19 


•50379 


•49621 


369 


•56703 


•43297 


419 


•62221 


•37779 


320 


•50515 


•49485 


370 


•56820 


•43180 


420 


•62325 


•37676 


321 


•50651 


•49349 


371 


•56937 


•43063 


421 


•62428 


•37672 


322 


•50786 


•49214 


372 


•57054 


•42946 


422 


•62511 


•37469 


323 


•50920 


•49080 


373 


•57171 


•42829 


423 


•62634 


•37366 


m 


•51055 


•48945 


374 


•57287 


•42713 


424 


•62737 


'37263 


J25 


•51 188 


•48812 


375 


•57403 


•42597 


425 


•62839 


•37161 


326 


•51322 


•48678 


376 


•57519 


•42481 


426 


•62941 


•37059 


i27 


•51455 


•48645 


377 


;57634 


•42366 


427 


•63043 


•36967 


328 


•51587 


•48413 


378 


•57864 


•42251 


428 


•63246 


•36856 


329 


•51720 


•48280 


379 


•43136 


429 


•36755 


330 


•51851 


•48149 


380 


•57978 


•42022 


430 


•63347 


•36653 


3?i 


•51983 


•48017 


381 


•58093 


•41907 


431 


•63448 


•36552 


332 


•52114 


•47886 


382 


•58206 


•41794 


432 


•63548 


'36452 


333 


•52244 


•47756 


383 


•58320 


•41680 


433 


•63649 


•36351 


334 


•52375 


•47626 


384 


•58433 


•41567 


434 


•63749 


•36251 


11$ 


•52504 


•47496 


385 


•58546 


•41464 


435 


•63849 


•36151 


336 


•52634 


•47366 


386 


•58659 


•41341 


436 


•63949 


•36051 


337 


•52763 


•47237 


387 


•58771 


•41229 


437 


•64048 


•36962 


338 


•52892 


•47108 


388 


•58883 


•41117 


438 


•64246 


•35853 


339 


•53020 


•46980 


389 


•58995 


•41006 


439 


•35754 


340 


•53148 


•46852 


390 


•59106 


•40894 


440 


•64345 


•35765 


341 


•53275 


•46725 


39* 


•59218 


•40782 


441 


•64444 


•35556 


342 


•53403 


•46597 


392 


•59329 


•40671 


442 


•64542 


'35468 


343 


•53529 
•53656 


•46471 


393 


•59439 


•40561 


443 


•64640 


•35360 


344 


•46344 


394 


•5^550 


•40460 


444 


•64738 


•35262 


345 


•53782 


•46218 


395 


•59660 


•40340 


445 


•64836 


•35164 


346 


•53908 


•46092 


596 


•59770 


•40230 


446 


•64933 


•35066 


347 


•54033 


•45967 


397 


•59879 


•40111 


447 


•65031 


•34969 


348 


•54158 


•45842 


398 


•59988 


•40012 


448 


•65128 


•34872 


M9 


•54283 


•45717 


399 


•60097 
•60206 


•39903 


449 


•65225 


•34776 


350 


•54407 


•45598 


400 


•39794 


450 


•65321 


•34678 



230 Common Logarithms. 451 to 600. 



Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


451 


•65418 


•3iM3 


501 


•69984 


•30010 


551 


•74"5 


•23886 


45a 


•65514 


• StAASA 


J02 


•70070 


•29930 


552 


•74x94 


•36806 


453 


•65610 


•34390 


501 


•70157 


•39843 


553 


•74>73 


•36737 


4M 


•65706 


•34394 


f«H 


•70241 


•39767 


554 


•74351 


•36049 


455 


•65801 


•S41M 


505 


•70129 


•39071 


555 


•74429 


•36671 


456 


•65896 


•34104 


506 


•70415 


•39086 


556 


•74586 


•25493 


457 


:gS? 


•31000 


507 


•70501 


•39499 


558 


•36414 


458 


•33013 


5o« 


•70586 


•39414 


•74663 


•35337 


459 


•66181 


•33D19 


509 


•70672 


•29328 


559 


•7474X 


•36369 


460 


•66276 


•33724 


510 


•70757 


•29243 


560 


•74819 


•25181 


461 


•66170 


•33030 


5" 


•70842 


•29168 


561 


•74896 


•26104 


4hl 


•33630 


512 


•70927 


•29073 


562 


•74994 


•25026 


461 


•33442 


513 


•71012 


•28988 


561 


•7505X 


'24949 


^ 


•66652 


•33340 


514 


•710Q6 
•71181 


•28904 


564 


•75128 


•24872 


465 


•66745 


•33266 


5x5 


•38819 


565 


•75205 


•24795 


4«6 


•6'>8J9 


•33101 


516 


•71265 


•28735 


566 


•75282 


•24718 


? 


•66912 


•33000 


517 


•71349 


•28051 


567 


•75358 


•24642 


•67025 


•32976 


518 


•71433 


•28607 


?5? 


•75435 


•24665 


469 


•67117 


•33803 


519 


•71517 


•28483 


569 


•75511 


•24489 


470 


•67210 


•32790 


520 


•71C00 


•28400 


570 


•75587 


•24411 


47X 


•67102 


•32099 


521 


•71684 


•28310 


571 


•75664 


•24336 


472 


:%'^ 


•330U0 


522 


•71767 


•28233 


572 


•75740 


•24260 


473 


•33614 


523 


•71850 


•28160 


573 


•75815 


•24185 


4'4 


:® 


•33433 


524 


•7x933 


•28007 


574 


•75891 


•24109 


475 


•33331 


525 


•72016 


•27984 


575 


•75967 


•340.33 


476 


•67761 


•33339 


526 


•72009 
•72181 


•27901 


576 


.76042 


•33968 


477 


•67852 


'33148 


^*2 


•27819 


577 


•76118 


•33883 


478 


•67943 


•33067 


528 


•72261 


•27737 


578 


•76191 
'76268 


•33807 


47V 


•68014 


•31960 


529 


•72346 


•27666 


579 


•33733 


480 


•68124 


•31870 


5JO 


•72428 


•27672 


580 


•76343 


•33067 


481 


•68215 


•31785 


531 


•72590 


•27491 


581 


•76418 


•23682 


48a 


•68105 


•31096 


532 


•72591 


•27409 


582 


.76402 
•76567 


•23508 


481 


•68195 


•31006 


Sli 


•72671 


•27327 


581 


•23433 


484 


•68485 


•31616 


534 


•72754 


•27340 


584 


•76641 


•23359 


485 


•68574 


•3143S 


$i5 


•72815 


•27166 


585 


•76716 


•2.1284 


486 


•68664 


•31336 


536 


•72916 


•27084 


586 


.76790 


•23210 


4*7 


•687 51 


•31347 


537 


•72997 


•27003 


587 


•76918 


•23136 


488 


•68842 


•31168 


538 


•73078 


•36933 


588 


•23062 


489 


•68911 


•31009 


539 


•73159 


•26841 


589 


•77012 


•22988 


490 


•69020 


•30980 


540 


•73219 


•20761 


590 


•77085 


'22915 


491 


•69108 


•30893 


541 


•73320 


•26680 


591 


•77159 


•22841 


492 


•691-.7 


•30803 


542 


•71400 


•26600 


592 


•77232 


•22768 


491 


•69285 


•30716 


543 


•71480 


•26630 


593 


•77305 


•22694 


494 
495 


•69373 
•69461 


•30037 
•30639 


544 
545 


•73560 
•73640 


•26440 
•26300 


594 
595 


•77379 
•77452 


•22621 
•22648 


496 


•6954f 


•30463 


546 


•71719 


•26281 


596 


•77525 


•22475 


497 


•69616 


•30304 


547 


•73799 


•26201 


597 


•77597 


•22403 


498 


•69721 
•69810 


•30277 


548 


•73878 


•26122 


598 


•77670 


•22330 


499 


•30190 


549 


•73957 
•74036 


•20043 


599 


•77743 


•22267 


500 


•69897 


•30103 


550 


•25964 


600 


•77815 


•22185 



Common Logarithms. 6oi /^ 750. 231 



Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


601 


•77«8» 


•22113 


651 


•81358 


•18642 


701 


•84572 


•16428 


602 


•77960 


•22040 


652 


•81425 


•18575 


702 


•■|^ 


•15366 


6oj 


•78032 


•21968 


653 


•81491 


•18509 


703 


•16304 


604 


•7610A 
•78176 


•21896 


654 


•81558 


•18442 


704 


•84757 


•16243 


(x>s 


•21824 


655 


•81624 


•18376 


705 


•84819 


•16181 


606 


•78248 


•21t62 


656 


•81690 


•18310 


706 


•84880 


•15120 


J2 


•78319 


•21681 


. 657 


•81757 


•18243 


707 


•84942 


•15058 


608 


•78?9o 
•-8462 


•21610 


658 


•81823 


•18177 


708 


•85003 


•14997 


509 


•21538 


659 


•81889 


•18111 


709 


•85065 


•14936 


610 


•78533 


•214tjt 


660 


•81954 


•18046 


710 


•85126 


•14874 


61X 


•78604 


•21396 


66x 


* 82020 


•17980 


711 


•85x87 


•14813 


6l2 


•78675 


•21325 


662 


•82086 


•17914 


712 


•85248 


•14752 


611 


•78746 


•21254 


663 


•82151 


•17849 


713 


•85309 


•14691 


614 


•78817 


•21183 


^ 


•82217 


•17783 


714 


•85370 


•14630 


615 


•78888 


•21112 


665 


•82282 


•17718 


715 


•85431 


•14569 


616 


•78958 


•21042 


666 


•82347 


•17653 


716 


•8549X 


•14509 


5^2 


•79029 


•20971 


667 


•82413 


•17587 


717 


•85552 


•14448 


618 
619 


•79099 
•79169 


•20901 
•20831 


668 
669 


•82478 
•82543 


•17622 
•17457 


718 
719 


•85612 
•85673 


•14388 
•14327 


620 


•79239 


•20761 


670 


•82607 


•17393 


720 


•85733 


•14267 


621 


•79390 


•20691 


671 


•82672 


•17328 


721 


•85794 


•14206 


622 


•79379 


•2Ub21 


672 


•82737 


•17263 


722 


•85854 


•14146 


625 


•79449 


•20551 


673 


•82802 


•17198 


723 


•859x4 


•14086 


fM 


"'9'!! 


•20482 


674 


•82866 


•17134 


724 


•85 m 


•14026 


625 


•79588 


•20412 


675 


•82930 


•17070 


725 


•86034 


•13966 


626 


•79657 


•20343 


676 


•82995 


•17005 


726 


•86094 


•13906 


5^2 


•797*7 


•20273 


677 


•83059 


•16941 


727 


•86153 


•13847 


628 


•79796 


•20204 


678 


•83123 


•16877 


728 


•86213 


•13787 


629 


•79865 


•20135 


679 


•83187 


•16813 


729 


•86273 


•13727 


6jo 


•79934 


•20066 


680 


•83251 


•16749 


730 


•86332 


•13668 


6ji 


•80003 


•19997 


68x 


•83315 


•16685 


731 


•86392 


•13608 


632 


•80072 


•19928 


682 


•83378 


•16622 


732 


•86451 


•13549 


6« 


•80140 


•19860 


683 


•83442 


•16558 


733 


•86510 


•13490 


JH 


•80209 


•19791 


684 


•83506 


•16494 


734 


•86570 


•13430 


635 


•80277 


•19723 


685 


•83569 


•16431 


735 


•86629 


•13371 


636 


•80346 


•19654 


686 


•81632 


•16368 


736 


•86688 


•13312 


637 
638 


•80414 
•8048^ 


•19586 
•19518 


687 
68 


83696 
83759 


•16304 
•16241 


737 
738 


■■t^ 


•13253 
'13194 


639 


•80550 


•19450 


689 


8}822 


•16178 


739 


•86864 


•13136 


640 


•80618 


•19382 


690 


83885 


•16115 


740 


•86923 


•13077 


641 


•8o68« 


•19314 


691 


•83948 


•16062 


74« 


•86982 


•13018 


642 


*?2'^ 


•19246 


692 


•8401 I 


•15989 


742 


•87040 


•12960 


643 


•80821 


•19179 


693 


•84073 


•15927 


743 


•87099 


•12901 


-^ 


•ko88Q 
•80956 


•19111 


694 


•84136 


•15864 


744 


•87157 
•87216 


•12843 


*45 


•19044 


695 


•84198 


•15802 


745 


•12784 


646 


•81021 


•18977 


696 


'84261 


•15739 


746 


•87274 


•12726 


^2 


•8io9o 


•18910 


697 


•84323 


•15677 


747 


•87332 


•12668 


S^ 


•81 158 


•18842 


^ 


•84386 


•15614 


748 


•87390 


•12610 


649 


•81224 


•18776 


699 


•84448 


•15662 


749 


•87448 


•12562 


650 


•81291 


•18709 


700 


•84510 


•15490 


750 


, •87506 


•12494 



232 



Common Logarithms, 751 to 900. 



Num. 


Log. 


A. Corop. 


Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


751 


•87564 


•12436 


80X 


•9016J 


•G9637 


«5i 


•02991 


.07007 


7J2 


•87622 


•12378 


802 


•90417 


•09583 


852 


•91044 


•06956 


7JI 


•87680 


•12320 


801 


•90472 


•09528 


851 


•9^095 


-06905 


754 


•87717 


•12263 


^ 


•90526 


•09474 


«54 


•91146 


•06854 


755 


•87795 


•12205 


«o5 


•90580 


•09420 


855 


•9^*97 


•06403 


756 


•87852 


•12148 


806 


•90614 


•09366 


856 


•9m7 


•06753 


757 


•87910 


•12090 


808 


•90687 


•09313 


«57 


•91298 


•06702 


758 


•87967 


•12U33 


•90741 


•09269 ' 


858 


•9JI49 


'06651 


759 


•88024 


•11976 


809 


•90795 


•09206 


*!? 


•9J599 


•06601 


760 


•88081 


•11919 


810 


•90849 


•09151 


860 


•91450 


•06550 


761 


*88U8 


•11862 


811 


•90902 


•09098 


861 


•91500 


•06500 


762 


•88196 


■11804 


812 


•90956 


•09044 


862 


•9J551 


•06449 


76i 


•88252 


•11748 


811 


•910Q0 
'91062 


•0K991 


861 


•91601 


•06399 


764 


•88I90 
•88J06 


•11691 


814 


•08938 


864 


•91651 


■06349 


765 


•11634 


«I5 


•91 116 


•08«84 


865 


•91702 


•06298 


766 


•88421 


•11577 


816 


•91169 


•08831 ■ 


866 


•9^752 


•r6248 


767 


•88480 


•11520 


817 


'91222 


•08778 


^2 


•91802 


•06198 


768 


•88516 


•11464 


818 


•91275 


•08725 


868 


•9J852 


•06148 


769 


•88591 


•11407 


819 


'9II28 


•08672 


869 


•91902 


•06098 


770 


•88649 


•11351 


820 


•91181 


•08619 


870 


•9J952 


•06048 


771 


•88705 


•11296 


821 


•91414 


•08566 


871 


•94002 


•05998 


772 


•88162 


•11238 


822 


•91487 


•08513 


V^ 


•94052 


•05948 


771 


•88818 


•11182 


821 


•91540 


•08460 


871 


•94101 


•05899 


774 


•88874 


•11126 


824 


•91591 


•08407 


V"^ 


•94151 


•05849 


775 


•88910 


•110^0 


825 


'91645 


•08355 


875 


•94201 


•05799 


776 


•88986 


•11014 


826 


•91698 


•08302 


876 


•94250 


•05750 


777 


•89042 


•10958 


827 


•91751 


•08249 


877 


•94^00 


•06700 


778 


•89098 


•10902 


828 


•91801 


•1I8197 


878 


•94M9 


•05651 


779 


•89154 


•10846 


829 


•91855 


•08145 


879 


•94^99 


•05601 


780 


•89290 


•10791 


810 


•91908 


•08092 


880 


•94448 


•05552 


781 


•89265 


•10735 


8?i 


•91960 


•08040 


88x 


•94498 


•05502 


782 


•89121 


•10679 


812 


•92012 


•07988 


882 


•94547 


•05453 


78? 


•89177 


•10623 


811 


•92065 


•07935 


881 


•94596 


•054O4 


784 


•89412 


•10568 


814 


•92117 


•07883 


884 


.94645 


•05355 


785 


•89487 


•10513 


«15 


•92169 


•07831 


885 


•94694 


•05306 


786 


•89542 


•10458 


816 


•92221 


•07779 


886 


•94741 


•05257 


787 


•89597 


•10403 


817 


•92271 


•0772t 


887 


•94792 


•05208 


788 


•8965 J 


•10347 


8j8 


•9212^ 
•^2176 


•07676 


888 


•94841 


•05159 


789 


•89708 


•10292 


819 


•07624 


889 


•94890 


•05110 


790 


•89761 


•10237 


840 


•92428 


•07572 


890 


•94919 


•06061 


791 


•89818 


•10182 


841 


•92480 


•07520 


891 


•94988 


•05012 


792 


•89871 


•10127 


842 


•92511 


•07469 


892 


•95016 


•04964 


791 


•89927 


•10073 


841 


•92581 


•07417 


891 


•95085 


•04915 


794 


•89982 


•10018 


844 


•92614 
•92686 


•07366 


894 


•95114 


•04866 


795 


•90017 


•09963 


845 


•07314 


895 


•95182 


•04818 


796 


•90091 


•09909 


846 


•927?7 


•07263 


896 


•95211 


•04769 


797 


•90146 


•09854 


847 


•92788 


•07212 


897 


•95279 
•95128 


•04721 


798 


•90200 


•09800 


848 


•92840 


•0?160 


898 


•04672 


799 


•90255 


•09745 


849 


•92891 


•0?109 


899 


•95176 


•04624 


866 


•90J90 


•09691 


850 


•92942 


•07058 


900 


•95424 


•04576 



Common Logarithms, got to 999. 



233 



Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


Num. 


Log. 


A. Comp. 


901 


•95472 


•04528 


9M 


•97035 


•02965 


967 


•98543 
•98588 


•01467 


902 


•95521 


•04479 


935 


•97081 


•02919 


968 


•01412 


901 


•95569 


•04431 


936 


'97128 


•02872 


969 


•98632 


•01368 


904 


•95617 


•04383 


937 


•97174 


•02826 


970 


•98677 


•01323 


905 


•95665 


•04333 


938 


•97220 


•02780 


971 


•98722 


•01278 


906 


•95713 


•04287 


939 


•97267 


•02733 


972 


•98767 


•01233 


907 


•95761 


•04239 


940 


•97313 


•02687 


973 


•98811 


•01189 


908 


•95800 
•95856 


•04191 


941 


•97359 


•02641 


974 


•98856 


•01144 


909 


•04144 


942 


•97405 


•02595 


975 


•98900 


•01100 


910 


•95904 


•04096 


943 


•97451 


•02549 


976 


•98945 


•01055 


911 


•95952 


•04048 


944 


•97497 


•02503 


977 


•98989 


•01011 


912 


•95999 


•04001 


945 


•97543 
•97589 


•02467 


978 


•99034 
•99078 


•00966 


9U 


•96047 


•03953 


946 


•02411 


979 


•00922 


914 


•96095 


•03905 


947 


•97535 


•02365 


980 


•99123 


•00877 


915 


•96142 


•03858 


948 


•97681 


•02319 


981 


•99167 


•00833 


916 


•96190 


•03810 


949 


•97727 


•02273 


982 


•99211 


•00789 


917 


•96237 


•03763 


950 


•97772 


•02228 


983 


•99255 


•00746 


918 


•96284 


•03716 


951 


•97818 


•02182 


984 


•99300 


•00700 


919 


•96332 


'03668 


952 


•97864 


•02136 


985 


•99344 
•99388 


•00656 


920 


•96379 


•03621 


953 


•97990 


•02091 


986 


•00612 


921 


.96426 


•03574 


•954 


•97955 


•02046 


987 


•99432 


•00568 


922 


•96473 


'03627 


955 


'98000 


•02000 


988 


•99476 


•00524 


923 


•96520 


•03480 


956 


•98046 


•01954 


989 


•99520 


•00480 


924 


•96567 


•03433 


957 


•98091 


•01909 


990 


•99564 


•00436 


925 


•96614 


•03386 


958 


•98137 


•01863 


991 


•99607 


•00393 


926 


•96661 


•03339 


959 


•98182 


•01818 


992 


•99651 


•00349 


927 


•96708 


•03292 


960 


•98227 


•01773 


993 


•W9695 


•00306 


928 


•96755 


'03245 


961 


•98272 


•01728 


994 


•99739 


•00261 


929 


•96802 


•03198 


962 


•98318 


•01682 


995 


•99782 


•00218 


930 


•96848 


•03162 


963 


•98363 


•01637 


996 


'99826 


•00174 


9n 


•96895 


•03106 


964 


•98408 


•01592 


997 


•99870 


•00130 


9i« 


•96942 


•03058 


9f| 


•98453 


'01547 


998 


•99913 


'00087 


m 


•96988 


'03012 


966 


•98498 


•01502 


999 


•99957 


•00043 



ALPHABETS 

FOR PRINTING AND SINGLE NEEDLE INSTRUMENTS- 
RULES FOR SPACING AND SIGNALLING. 
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Alphabets far Printing and 



a(«) - 

B . 

C - 

D . 

£ 

F 

G — 

H 

I 





y 


J -. 


^^ ^^M ^^M 


y// 


_ s/J 


K 


■ ^ ^^M 


/y 


^ 


Axx 


L 


■^B ^ ^ 


yxx 


^^ ^ 


/yx 


M — 


. ^^ 


// 




Ax 


N _ 


■ ^ 


A 




\ 


— 


• ^^M mm^ 


/// . 


M 


xxA 


6(oe) — 


• ^^ ^^ M 


//a! 

1 


M 


/A 


P 


m^ ^^ M 


yA 




xxxx 


Q — 


■ ^^ M ^^ 


//y 




XX 


R .- 


— - 


yx j 


s 




\\\ 




T ^^ 




/ 




U MM ^^ 




xy 




11 (ue) 


^^ 


^^// 




V 


^^^ 


xxy 




W ^ ^^M H 


^^ 


y/ 




X ^^M ^ H 


■■^■M 


Ay 




Y ^^» ^ ■■ 


^^^ ^^^ 


/y/ 




Z aa^B ^^M 


flB i^B 


/Ax 




Ch 




VBi^HB ^^^^^^ 


//// 





Single Needle Instruments. 
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French accented ^ . « ..^ 


—(xyxx): 


[talian li ... ...« ,. ..^ ...« 


N.B. — Ch is always sent . 





. and never as separate letters. 


, 


^■■H^ HH^^^ 


J/// 


2wm wm VMM « 


^^ „.^. 


yJ// 


3 


— 


xxy/ 


4 


— 


\\\\/ 


5 -- 




\\\\\ 


6—^ -.-.«. 


•M 


/WW 


7 ^mmmt ^mmmt ^ 


^ ^ 


/Anx 


8 ^Bian ^mmmt ^ 


MM MM MM 


///xx 


Q __ _ 


wmmt ^mmmt ^ 


////x 


o_ — - 




///// 
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Alphabets far Printing and 



Full Stop 


(.) 


Colon 


(:) 


Semicolon 


(;) 



Comnui 



(,) 



Note of InterTOgation( P ) — — 



Note of Admiration ( ! ) 



Hjrphen 

Apostrophe 

Parenthesis 



{-) 





Inverted Comma (" ") - 



Begin another Line 

Bar of divi- 1 

sion (H) I 

Call Signal 



Understand Message ... 

Correction, or rub out . . . 

End of Message . — 

Wait 



Cleared out, ) 
& all right J 



w w w 
//Axx 

xy/xx 
/Ay/ 
Axxy 
y///x 

/J/s/ 

// // 



// 



\\\\\\\\\ 

yyyx 

\/\\\ 



Single Needle Instruments. 
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RULES FOR SPACING. 

The length of a dot being taken as unit. 

I St. A dash is equal in length to 3 dots. 

2nd. The space between the elements of a letter is equal to i dot 

3rd. The space between two letters of a word is equal to 3 dots. 

4th. The space between two following words is equal to 6 dots. 

The above rules are illustrated by the words below, "at the hour 
named " — 

at the 



II 



Mill 
O 



t I 



I I 



I I I I I 



u 



1 1 



1 1 



1 1 



II I II 



m 



e 



I I 



I I 



I I 



1 1 



N.B. — For long circuits, especially underground wires, the dots must 
be made firmly and distinctly, thus, .... 

And not thus .... 

As dots are shortened by transmission through the Line, Clerks must 
make them a little longer and closer together than indicated. 
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I St Give the Call Signal, and 2nd, the name of ''Station to" 

and "Station from," with the letter V between them:, thus if LY 

call MR 

MR V 

L Y M 

. —«. » » «.. » ««- — — > Manchester will reply, — « — 

R G 

To get a word repeated, say . . —^ — ..... .-« .-« .. mm^^ 

To get remainder of Message repeated, say .- — .... ...— . » 

(word) 
all after 

If the whole must be repeated, or' you cannot read, send 
P 

To signify all is understood, give . — .. ^^^ .. 
To signify wait, give the Signal Wait .- — .... If you require 
wait for any time, send the number of minutes after Wait, thus: 

5 

. ^mm, ... ..... Wait 5 minutes. 

To signify that you have made an error, give the correction signal 
......... repeat the last correct word, and continue. 

To signify that you have finished a Message, give . .i.. . ... . ... . 

(equivalent to PQ of Double Needle Alphabet). 

When you have cleared out, and want to signify everything is right, 
give . — . . — . . 
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Always give the Call Signal before sending an)rthing, to give time 
to start the Machine ; thus, to give Understand — 

Instead of the double-needle colon use » ««- * — ^ * — • j and 



— — «» » » — instead of DQ. 

Initial letters must be separated by the full stop ; thus, J. W. Schoene 
would be sent — 

J . W . 



S ch GB n e 



Ch must always be sent thus, —^ i_ — — , and never as c, h. 
Long lines must never be made: if necessary to hold on, give 

mmmm — .... ^mm, mm mmm^ . mmm^ mm wm^^ inStead Of ^, COntinUOUS HnC. 

All figures, doubtful words^ and unknown proper names 

in a message^ must be repeated back/ followed by the 

«. . ^mm^ mmm^ . mm signifying — Is this correct P The Sending 

Station will reply — - - ..- - if correct^ and go on with the 

[ next message. 

Fractions are sent thus, pS'Yi^^ 

'98 1 



1 6 

«. —— mmm^ mm^ .. mm^ ..... leaving a good space between 

the figures and the fractions; and in repeating them, spell the 
Enumerator always thus — 

9 8 ten 
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1 6 

— ... mmmm — . •». ... .... (thls Is to CDsure correctness). 

o n e 2 

^wouldberepeated—— -—.-—. ...» . .......i.. 



&c. 

1 



^^m ... ..i. •.. •.. mmmm mmm^ wmmm ... ..i. WOUld bC repeated 

ten th o XLS 



for brevity and for greater certainty. 

A good space must always be left between whole numbers and their 

1 
fractions; 115H would be sent thus — . ..i. ..i. i.... ... 

1 5 1 



1 5 

. ««- ««- ««- •.» ..... to distinguish it from 1,151 r^ 

The Numerator 1 1 being spelled in the Collating. 

o o 

The word " couch^ " would be sent thus, -.. . ««- — i— . —. i—. 

XL eh e 



When a Station does not read you, send the letters ... i... 
... ... ... ... to enable him to adjust his Apparatus. In 

a circuit containing one or more translating Stations, if there be necessity 
for calling the attention of those Stations to the translators, give the 
letter h .... several times, which is to be imderstood by the 

Translating Clerk to signify that there is something wrong and re- 
quiring his immediate attention. 
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The call for « all Stations " (C Q) is the letter s - - - - - • 
... &c., given during one minute. 

When the number of words in a received message is incorrect, the 

Receiving Station must repeat the actual number to the Sending 

Station, thus : — 

2 
If 28 W. be telegraphed, and only 27 received, say — — — . —^ «.. 

7 w P 

Should 27 be right, the Sending Station will reply, . . —^ -— i- «-. 

7 

mm^mm ^^m ... ... ... . but if there still be 28 words, the 

Sending Station will say 28 W., and repeat the first letters of every 
word, when the Receiving Station can easily detect the error or omis- 
sion, and get the word repeated 



N.B. — For the Single Needle Alphabet, the Beat to the right \/ / is 
equivalent to the (— -), and the Beat to the left (\) is equivalent to 
the dot ( — ). The "understand,** and not "understand," are the same 
as in the Double Needle Alphabet 

The end of a word is expressed by a pause. 

In Single Needle, the code signals FI before, and IF after the figures 
are to be used (but not in printing). 

Figures are to be made very distinctly. 

N.B. — ^As all Figures contain 5 signals, and all Stops 6, the receiver 
can read them off with great accuracy. 

The following Signals are much used on the Continent, though not 

officially recognised : — 

... ... ... Telegraph. 

— — . •«» mm^ . ... mmmm «.. DrahtantWort 

. * . — ia for ja or yes, and is used in place 

of . «.• . «.. . «.. . and ... «.. . 
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Tables to assist the reading of Telegraphic 

Despatches. 

{Bit CharU$ Wheatslone, F.RJS.) 
The same telegraphic alphabet has, by universal agree- 
ment, been adopted by all the countries of the world in 
which telegraphic communication exists. At present, its 
use is however almost exclusively limited to the clerks 
whose business it is to send and receive the messages. 
If it were deemed important or desirable that the message 
should be transmitted to the person to whom it was 
addressed in the exact manner in which it was received, 
so as not to incur the intermediate errors of translation, 
it would become necessary that the receiver should be 
acquainted with the language in which it was written. 
Now this is by no means a difficult thing to attain, and it 
would require but little time if resolutely set about But 
the preliminary task of committing the meaning of the 
signs to memory, comparatively easy as it is, may be con- 
siderably lightened by a very simple expedient. To refer 
to a table of 26 characters in order to translate a 
despatch, letter by letter, is a very tedious matter, and 
the process may be much abridged by forming a table 
showing the formation of the more compound characters 
from the more elementary ones. Such a table can be 
much more rapidly referred to ; and it will be found that, 
by its aid, a telegraphic despatch can be read accurately 
without any previous knowledge, and without much loss 
of time. After a little practice in thus deciphering, the 



Tables for Deciphering. 



245 



meanings of the signs will, without any great effort, 
become fixed in the mind, and the messages be read in 
future fluently and without aid. 



I Element < 



2 Elements < 



3 Elements . 



4 Elements 



• • 



e 
t 








i 


a 


n 


m 



• 





8 


u 


r 


w 


d 


k 


g 






• • 


• Mi^Bi 


^^^ • 





h 


V 


f 


• • 

a 


1 


• • 

a 


p 


J 


b 


X 


c 


y 


z 


q 


• • 




ch 
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The manner of using the above tables is as follows : — 
The person wishing to translate the despatch commences 
at the first letter, noticing of how many elementary signs 
(dots or dashes), it is composed. When it consists of 
one element only, its meaning is given directly by re- 
ference to the first table ; when of two elements, by the 
second table, the first element on the left being found 
in the front vertical column, and the second at the 
heading of the columns containing the letters ; when 
the letter consists of three elements, it is found by refer- 
ence to the third table, the first two elements being In 
the front, and the last one at the head, of the columns ; 
when of four elements, the first two are found in the 
front of the fourth table, and the last two at the head 
of the columns. 

As an example, suppose we wish to translate the 

word • -^M -^M • • -^» • • • ^mmm m 

Here the first letter consists of four elements; we 
look, therefore, in the corresponding table for the two 
first elements as they stand in order in the front, and 
find them opposite the second horizontal line of letters, 
which we follow across until at the head of the third 
vertical column we see the remaining two elements of 
the letter "/," which is written at the point of inter- 
section. The next letter consists of two elements, the 
first being a dot ; we refer to the table of two elements, 
and find the letter corresponding to be " a" The third 
letter has three elements, all dots ; we refer to the table 
of three elements, and find this to be " j." The fourth 
letter is a single dash, which the table of one element 
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informs us is **/." The last letter is also a single 
element, "^." 

Sir Charles Wheatstone has constructed a machine for 
the purpose of printing in Roman characters any despatch 
which may be received in the Morse character. The 
apparatus is constructed with a suitable type-printing 
arrangement, which is actuated by the depression of 
eight finger keys placed in front of it, in two rows of 
four in each. The upper row represents dots, the lower 
dashes. In order to print any letter in Roman type 
which is received in Morse characters, the operator has 
only to depress in succession the finger keys of the two 
rows, commencing always with the first one of one of 
the rows, then the second of one of them, then the third, 
and so on, according as the letter is made up of dots 
or dashes. By a very ingenious application of the theory 
of numbers, these depressions release the requisite types, 
allowing 32 letters and figures to be printed. 
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Table showing the relation between the strain on the Grapnel Rope and the 



Number of fathoms the bight lias 



.52 I 16 

1(3 



CA 



90 i 80 I 40 50 I 75 



100 aOO 900 400 



500 600 700 800 



Correspoi^ding strain on Grapnel Rope. The unit of strain is the 



•5 'M 

i-o j -34 

1*0 •48 

2*2 I '51 

>*4 ; 'Si 

1-6 -55 

2*8 '$% 

yo ' '59 

3*2 '61 

1-4 I '61 

J*8 I '67 



4-0 
4-2 

4*4 
4-6 

4-8 
5-0 

5*5 

6*o 

6-5 

7*o 

7-5 

8-0 

9'o 

io*o 

II'O 



•69 

•71 
•72 

•74 
•75 

•77 
•8x 

•85 
•88 
•91 

•94 

•98 

X'04 

1*09 

I -14 



•27 

•19 

•4« 
•56 

•59 
•6x 

•64 

•68 

•68 

•71 

•7i 

•75 

•77 . 

•80 I 

•82 I 
I 
•83 1 

•85 I 

•87 I 

I 

•89 X 

I 

•93 » 
•97 

I*CX> X 

I 
1*06 X 

1-09 jx 

x'X3 X 

1 

I'20 X 
X'26 X 
1*32 I 



H 

4« 
6x 

69 

7» 
75 
78 
8x 

84 
87 

90 

92 

95 

97 
00 
02 

04 

07 

09 

"4 

20 

*4 
29 

i4 
38 
46 

55 

63 



•J9 
•56 
•68 

•79 
•8J 

•87 
•90 

•94 

•97 
•00 

•04 
•07 
•10 
•X3 

•15 
•x8 

•2X 
•23 
•26 

•38 
•44 
•49 

•60 
•69 

•70 

•87 



•4> 

•62 

•76 
•88 

•91 

•97 

'OX 

•05 
•09 

*X2 

•x6 
•X9 

•24 

'26 

•29 

'J5 

'39 
•41 
•48 
•55 

•6x 

•67 
U 
•79 
•89 

•99 
•xo 



•52 










•76 


•87 


1*20 i'40 




•94 


x*o8 


x-45 x-75 




I^O 


X'25 


X-70 


ai 




X-I4 


x-36 


x*8o 


2*20 




1*19 


x*j8 


x*85 


2^25 




x-24 


x^43 


x*9o 


2^30 ,2 


x-29 


x^4S 


2*oo 
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1-W 


x^52 


2*05 


2'JO 




x-37 


x^58 


2'XO 2'6o 




x-42 


x^62 


2-22 2*70 




x-46 


x^68 


2-JO 


2-8o 




x*5o 


x-72 


i'iS 


2*90 




1-54 


x^78 


2-4J 


3^00 




1-58 


x-82 


2»5o 


^•05 




x-62 


x^88 


2'SS 


3*2o 




1-65 


X^92 


2*6o 


3*20 




1*69 


x-95 


2*70 


i'20 




1-72 


x*98 


2^8o 


i'I9 




i'8x 


2-o8 


2*90 


3 "60 




i'89 


2'x8 


3 'CO 


3-70 




1-97 


2*28 


3*2o 

1 


3-90 




2-04 


2-36 


^•20 4*00 




2^X1 


2 -43 


3 -30 4^io 

1 




2*x8 


2-52 


I'jo 4-20 




2*32 


2^68 


r$o 4«4D 




2-44 


2*82 


3*70 4*50 


5 


2^56 


2-9i 


^•90 


480 


5 



•60 

•02 
1-18 

ffo 

•54 
;-7o 

■80 

'•95 
•xo 
•2 

(•3 
1-40 

r-5o 
r-50 
1-70 
1*70 

[•75 
[•90 
^•xo 

r3o 
r5o 
•65 
'80 

f9o 

;'2o 
[•40 
'•70 



1*32 I '83 

2*25 2^40 
2-53 2^85 



2'75 



3*oo 



2*84 j^xo 



J*02 
3*20 

3*30 

i-42 
3*55 
3-65 

^•78 
3-87 
4'oo 
4^xo 



I 



3 "30 

^•45 
3*6o 

3^75 
3-90 

4*00 

4-8 
4^2o 

4*30 

4-45 



4-X5 4-50 



4'2o 

4-^5 
4'6o 
4*8o 
5^00 
5 -20 

5-37 
5^6o 
5-90 
6'2o 

6-55 



4*6o 
4-70 

4^95 
5«2o 

5^50 

$•70 
5.9D 

6*xo 
6*50 
6*90 
7»2o 



1-90 


x-95 




2-5^ 


2'6o 




?-oo 


3*x8 




3'2o 


i-37 




rjo 


3^50 




3*55 


^•75 




J -70 


3*9t> 




J-90 


4*10 




4-co 


4'2o 




4^15 


4*40 




425 


455 




4^i8 


4^6^ 




4*50 


4-80 




460 


4-90 




480 


5-IO 




4*85 


5-15 




4-90 


5^25 




5-05 


5-38 




5 '30 


5^65 




5-6o 


6'oo 




5-90 


6^30 




6*15 


6^50 




6-35 


6-78 




6-6o 


7*co 




7*oo 


7*50 




7-40 


7-90 




7-8o 


8'^ 
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strain at the same time on the Cable when it is being raised on the bight 





been raised from the bottom. 












900 1,000 1,100 1,200 1,300 1.400 1,500 1.600 1,700 1,800,1.000 2.000 




wei 


1 II 1 1— 1 1 1 ■■■ 
ght of looo fathoms of Cable in water, or nearly one 


1 ■ 
knot. 




1*98 


I'OO 
























2-75 


2'82 


2*88 


2 '93 


2*96 


2*98 


3*oo 














J -22 


i*45 


i-55 


J -65 


3-72 


3*8o 


3*86 


3-90 


3*95 


3*97 


3-99 


4'oo 




r4J 


3'68 


j'8o 


3-92 


4*00 


4' 10 


4-17 


4*25 


4*31 


4*34 


4*37 


4*39 




3*70 


3*90 


4-oj 


4-15 


4-27 


4*37 


4-45 


4-53 


4*6o 


465 


4-70 


4-73 




J -99 


4- 10 


4*»5 


4*40 


4-50 


4'6o 


4-70 


4'8o 


4*88 


4*95 


5*oo 


5-07 




4-10 


4*28 


4*44 


4*6o 


4-70 


4-85 


4*95 


5-05 


S'lS 


5*25 


5*30 


5-38 




4*io 


4-48 


4'63 


4'8o 


4'95 


5-07 


5*i8 


5*30 


5*40 


5 -50 


5'5S 


5-63 




4*45 


4-6i 


4-84 


5'oo 


515 


5*30 


5-40 


5-54 


5-67 


5-77 


5*85 


593 




4*6o 


4'8o 


500 


5'20 


5-35 


5*50 


5-65 


5-75 


5-9C 


6*oo 


6*x 


6* 20 




4*80 


4-98 


5-i6 


5'iS 


5-53 


5-70 


5-85 


6*oi 


6*io 


6-33 


6*35 


6*45 




4-90 


5-12' 


S'3S 


5'55 


5*73 


5*90 


6-o6 


6*20 


6-35 


6*47 


6*6o 


6*70 




5 -05 


5-io 


S'SS 


5*75 


5-95 


6'xo 


6*25 


6*43 


6-55 


6*70 


6*80 


6*90 




515 


ns 


5*6o 


5*85 


6*05 


6*25 


6*42 


6-6o 


6-75 


6*90 


7*05 


7*15 




5-35 


5-6o 


5'8o 


6'o5 


6-25 


6-45 


6-62 


6*70 


6-98 


7*13 


7*27 


7*38 




5-45 


5-72 


5*95 


6*2o 


6*40 


6-6o 


6-8o 


7*oo 


7*i8 


7-32 


7*48 


7*58 




5-50 


5*85 


6* 10 


6*30 


6-55 


6-77 


6*98 


7*13 


7*32 


7-50 


7*65 


7*8o 




5-70 


6*oo 


6-25 


6*50 


6*70 


6*9 


7*12 


7 '30 


7-50 


7.70 


7*85 


7*98 




5*95 


6*25 


6-55 


6-8o 


7*io 


7-3 


7-55 


7-78 


8'oo 


8*17 


8*33 


8*48 




6-35 


6-54 


6-94 


7*2o 


7*50 


Y-7 


7*92 


8*15 


8-38 


8-57 


8*77 


8*93 




6-6o 


6*92 


7-25 


7-54 


7*8o 


8*07 


8-38 


8-55 


8*8 


9-0 


9*2o 


9*34 




6*90 


7*2o 


7'6o 


7-90 


8*15 


8*40 


8-65 


8*90 


9-15 


9*37 


9*60 


9*8o 




7-17 


7-40 


8*00 


8* 10 


8-i6 


8-45 


8-75 


9-0 


9-25 


950 


9*75 


10 -20 




7-40 


7-75 


8'io 


8*43 


8-75 


9-05 


9*32 


9-6 


9.90 


10*15 


10 '4 


10*65 




7-90 


8'25 


8-6o 


9-00 


9-30 


965 


9-93 


io*3 


IO-35 


io*8 


II'XO 


XI '30 




8*40 


8-8o 


9*io 


9-70 


10*14 


10*50 


10*80 


11*1 


11-35 


11*6 


11*8 


X2*0 




8 -80 


9*2o 


9'6o 


lO'O 


10*40 


IO-75 


ii'i 


11*45 


ix*8o 


X2'X 


12*4 


X2*65 
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Data of Cables. 



ELECTRICAL TESTS OK VARIOUS 



CABLE. 
(GbP. Core.) 



I. Fenian Qulf. 



2. AtlantLo 

3. Fenian Qulf . . . . 

4. Atlantic 

5. England and Hanover. 

6. Plaoentia Bay and Syd- 

ney 



) 



7. Cuba and Florida : 

Havannah to Key West^ 
Key West to Punta Rassaj 

8. Anglo-Mediterranean 

9. French Atlantic. . 

Do. St Fierre . 






10. 



II. 
12. 

13. 



British Indian : 

Suez-Aden . 

Aden-Bombay . 
Falmouth and Gibraltar 
Gibraltar and Malta 



:} 



ManeiUes, Alglen and 
Malta: 

Marseilles to Bona . 
Bona to Malta . 
14* Anglo-Mediterranean 
Duplicate§ . . . 

15. British Indian Xxtension 

16. China Telegraph . 

17. British Australian . 



:) 
.) 



Date. 



1864 



1865 
1866 
1866 
1866 

1867 



1867 
1868 
1869 

1870 

1870 
1870 



1870 
1870 



Length 
Laid. 



Knots. 



Diameters. 



Copper 
mils. 



1143 


no 


1896 

160 

1852 

224 


147 
no 

147 
87 


{i88-7 } 


102 


/I25-4 \ 
l"9-9 / 

927 
/2584 

\ 749 


87 

103 
168 

87 


/ 146 1 

I 1817 

143 1 
1025 


92 

"3 

93 

92 


/447*6 
13 78 -4 


87 
87 


. * 

1756 
2640 
2526 


• • 

92 
92 
92 



Core 
p 

tntlf , 



3BO 



467 
380 

467 
280 

348 



290 

327 
470 
282 



304 

358 
304 

304 



272 
272 



304 

304 

304 



Logarithm 
of 
D 

•7 

(approx.)* 



•53781 



•53763 

•53781 
•52763 

•53655 
•55266 



•55750 

•53763 
•47129 

•53655 



•54530 
•52763 

•54530 
•54530 



•50242 
•50242 



•54530 
•54530 
•54530 



D. 



* The value of ^ is increased 5% in these instances in which the con- 
ductor is a strand. 



Data of Cables. 

RECENT TELEGRAPH CABLES. 
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. 


Resistance of 

Conductor at 

24° Cent 


Resistance of 

Dielectric at 

34° Cent. 


Electro-static 
Capacity. 


Approximate Resistance 
when laid irrespective of 
temperature and pressure. 




Resist- 


Specific 


Resist- 


Specific 


Electro- 
static 


Specific 




Resist- 




ance per 
knot. 


Conduc- 
tivity, Pu. 


ance 
perlcnot. 


Resist- 
ance, 


Capacity 
per Icnot, 


Inductive 
Capacity, 


ductor. Ohms, 


ance of 
Dielectric 




Ohms. 


Copper 


Meg. 


Meg- 


Micro- 


Micro- 


per knot. 


Megohms, 






= zoo. 


ohms. 


ohms.t 


farads. 


farads.^ 




per knot. 
















Fao-Bushire 6-46 


495* 
















Bushire ) , , 
Mussendum j - 21 


















326* 


f 


6*25 


84-79 


190 


1002 


0-3486 


*o66i 


I Mussendum \ , . 
Gwader }6*40 












* 






342* 
















iGwader ji-.,^ 
^Kurrachec P 3° 


















239- 




4-27 


93-09 


349 


1805 


o*3535 


*o684 


4*01 


2945 




6'oi 


88-17 


395 


2084 


0-3312 


-0628 


• • 


• • 




4' 20 


94-63 


342 


1768 


0*3535 


•0684 


3-89 


2437 




I2'07 


92-32 


239 


I213 


0-3447 


-0679 


11-71 


lOIO 




8-96 


88*71 


455 


2237 


0*3566 


•0725 


/Placentia & ) . , , 
1 St. Pierre ^ 3^ 
]St. Pierre &)o.,. 
( Sydney }** 34 


4498 
















4257 




12-38 


90-02 


464 


2270 


0-3507 


•0717 


/ 11-83 
I 12-37 


1268 
175*0 




8-73 


91-05 


496 


2565 


0-4500 


-0870 


8-23 


2631 




3-i6 


94*33 


235 


I361 


0-4295 


•0742 


2*93 


5200 




12-03 


92-63 


266 


1350 


0-3740 


•0737 


11*12 


2910 




£0*42 


95*35 


329 


1646 


0*3580 


•0716 


10*26 


5700 




7-02 


94-36 


278 


I441 


0-3610 


•0696 


6*52 


1899 




10-508 


94*55 


214 


1070 


0-3645 


-0729 


} 10*13 


V 4 V «% 




10-508 


94*55 


214 


1070 


0-3480 


-0696 


I419 




12-05 


92-62 


273 


1482 


0-286 


•0527 


11*65 


2329 




12-17 


91*57 


238 


I29I 


0-286 


-0527 


11*66 


734 




• • 

10-508 


• • 

94-55 


• • 

235 


• • 

II76 


• • 
0-3400 


V * 

-0680 


• • 

* • 






• • 

10-907 


• • 

91*20 


• • 

194 


• • 
970 


• • 
0-2920 


-0584 


• • 

• • 


• • 



+ The specific resistance is taken as that of a cube knot. 

X The specific capacity is taken as the capacity of a cube knot. 

§ This cable is made up of lengths of vanous cables. 
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Data of Cables. 



ELECTRICAL TESTS OF VARIOUS 



CABLE. 
(Hooper't Core.) 




Length 


Diameten. 


Logarithm 




Date. 




Knots. 


Cyer 

mils. 


Core 
p 


D 

d 
(appcuz.) 




i8. Penian Oulf . . . 


1868 


535 


no 


309 


•46125 




19. An^'Dtniah . . 


1868 


365 


no 


290 


•43410 




30. Antfo-Norweglaa . 


1869 


240 


no 


290 


•43410 




21. Moen Banholm . . 


1869 


83 


80 


341 


•50373 




22. Aland Gable . . . 


1869 


87 


no 


290 


•434IO 




23. Shetland Cablee. . 


1869 


(1 


80 
no 


241 
290 


•50J73 
•43410 




24. North China : 














Hong-Kong — Shangai 1 
Shangai — Posietta . . ) 


1870 


1 1098 \ 
\ II98 ) 


147 


318 


•36169 


' 



Data of Cables. 
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RECENT TELEGRAPH CABLES— (f<?«A«i/«/). 





Resistance of 

(Conductor at 

34° Cent. 


Resistance of 

Dielectric at 

34° Cent 


Electro-static 
Capacity. 


Approximate Resistance 

when laid irrespective of 

temperature and pressure. 




Resist- 
ance per 
knot. 
Ohms. 


Specific 
Conduc- 
tivity, Pu. 
Copper 
= xoo 


Resist- 
ance 

per knot. 
Meg- 
ohms. 


Specific 
Resist- 
ance, 
Meg- 
ohms. 


Electro- 
static 
Capacity 
per knot, 
Micro- 
&Fads. 


Specific 
Inductive 
Capacity, 
Micro- 
farads. 


Resistance of Con- 


Resist- 
ance of 
Dielectric 




5*60 

7* 06 
7 '06 

14*37 
7*06 

14*37 
7 '06 

4*23 


93*64 
93*82 

93*8> 
92*19 

93*82 

92-19 
92*82 

93*96 


3900 
4430 
4500 
4000 

4500 

4000 
3890 

4000 


2580 
2780 
2780 
2170 

2780 

2170 
2440 

3020 


0*3490 

0*3680 

0*3680 

0*3120 

0*3680 
0*3120 

0*3690 
0*4400 


*0528 
•0585 

•0585 
•0576 

•0585 

*0576 
•0587 

•0583 


Not yet laid. 
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MECHANICAL DATA OF VARIOUS 



OAQf V 




Date. 


Length 


WEIGHT 


CAOL1&. 
















Co|fper. 


Insu- 
lator. 


Iron. 








Knots. 


Lbs. 


Lbs. 


Tons. 




I. Persian Gulf .... 


1864 


II48 


225 


275 


3-060 




2. Atlantic 


186$ 


1896 


300 


400 


0-632 




3. Persian Gulf .... 


1866 


160 


225 


275 


3-060 




4. Atlantic 


1866 


1852 


300 


400 


0-632 




5. England and Hanover 


1866 


224 

^ V 


107 


150 


ri7-o65 
\ 8-IOO 




6. Placentia Bay and Sydney 


I867 


flI2*I \ 
\l88-7 / 


150 


230 


2-150 


• 


7. Cuba and Florida . . . 


1867 










Havannah to Key West . \ 
Kev West to Punta Rassa/ 
8. Anglo-Mediterranean . . 


. • 


/"5-4\ 
\ii9-9 / 


107 


166 


2-IOO 




1868 


927 


150 


200 






9. French Atlantic . . . 


1869 












Brest— St. Pierre . . 


.. 


1 






17*795 




If »» • • 


. . 


2584 


400 


400 


4-605 




t> »» • • 


. . 








•709 




St. Pierre— Duxbury . 


.. 








|M-972 


1 


>> »♦ 


. . 


749 


107 


150 


4*753 


1 


»» If 


. . 


1 






( I '949 




10. British Indian .... 


1870 












Suez — Aden . 




• • 








9-7S8 

^ 2-725 

I-HJ3 




>f »f • ' 




• • 


1460-66 


120 


175 




f> ff • ' 




• • 










Aden — Bombay 




• • 








f 9'759 


1 


»f »f 




• • 








11-705 




»> »» 




• • 


►1817-43 


180 


240 


\ 5-429 




»» »» 




• • 








2-851 
I 1*186 




ft ft 




• t 











II. Falmouth and Gibraltar . 


1870 












Falmouth — Lisbon . . 


• • 


'^I'lS 


120 


175 


10-604 




f> »> • • 


• • 


144*80 


• • 


• • 


3018 




M >» • • 


• • 


651-06 


• • 


• • 


•709 




Lisbon — Gibraltar . . 


• • 


12-00 


120 


175 


10-604 




»f »» • • 


• • 


15*00 


« • 


• • 


3*oi8 




»» ft • • 


• • 


274-00 


• • 


• • 


-923 




tt ft • • 


• • 


45-00 


• • 


• • 


5*917 




12. Gibraltar and Malta . 


1870 


4-00 


120 


175 


10-604 




»> »» • • 


m • 


251-97 


. . 


. . 


3*018 




»f »» • • 


• • 


846 - 29 


. . 


. . 


•923 




tt »» • • 


.. 


2-8i 


. . 


« . 


5*917 
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RECENT TELEGRAPH CABLES. 



PER KNOT. 



xiemp. 



Tons. 

•8^55 

•8055 

•3396 
•4000 

•1804 
•2783 



•217 
•368 
•104 
•109 
•528 
•1095 

•540 
•131 
•189 

"7^ 
'146 

•325 

•083 

•146 

•725 
*090 
•104 

'725 
•090 

•063 

•325 

•725 
•090 

•063 
'325 



Aspkake. 



Tons. 

• • 

None 

• • 

None 

•637 

2'o8o 

None 
None 



2'IIJ 

•921 

•487 

1-563 

•879 

•700 

•927 
•330 

•459 

I •080 

'698 

•691 

•345 
'352 

I '080 
•350 

•487 
I '080 
•350 
-244 
•691 
i*o8o 
•350 

•244 
•691 



Complete. 



Tons. 
3*73 
1*75 

3'73 

18-49 
10-94 

2*50 



2'5a 



20*447 
6*246 
1*652 

16*760 
6*276 
2*875 

II'4I2 

3-286 
2*712 

"•737 
12-737 

6-633 

3H»4 
1-872 

11*737 
3-420 
i'652 

11-737 
3*420 

1*535 
6-633 

11-737 
3-420 

i'535 
6*633 



REMARKS. 



Shore ends* 
Main. 

{Placentia and St. Pierre, 
St Pierre and S/dnej, 



Shore ends. 

Intermediate* 

Main. 

Shore ends. 

Intermediate* 

Main. 

Shore ends. 

Intermediate. 

Main. 

Shore end ^Aden). 

„ „ (Bombay), 
Intermediate (No. i). 
„ (No. 2). 

Main. 

Shore ends. 

1st Intermediate. 

1st Main. 

Shore ends. 

1st Intermediate. 

2nd Main. 

2nd Intermediate. 

Shore ends. 

1st Intermediate. 

2nd Main. 

2nd Intermediate, 
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MECHANICAL DATA OF VARIOUS 







W __*«- 




WEIGHT 


CABLE. 


Date. 


Length 
lakL 




















Copper. 


Insu- 
lator. 


Iron. 








Knots. 


Lbs. 


Lhs. 


Tons. 




13. Marseilles! Algiers andl 
Malta j 


1870 












Marseilles to Bona . . 


. • 


16 


107 


166 


10*604 




ft ft • • 


• • 


486 


. • 


• • 


1-054 




Bona to Malta . . . 


• . 


34 


107 


166 


10*604 




f» »» * * '\ 


* . 


3J6 


.• 


• • 


1*211 




14. Anglo-Mediterranean Da-j 

plicate j 

15. British Indian Extension . 


1870 












1870 












Penang — Singapore • . 


. . 








1 9-5i» 






• • 


1447*17 


Z20 


175 


2*696 




»» »» • • 


• • 








2*761 




Penang — Madras. . . 
tt »» • • • 


. » 


; J87 

1 


Z20 


175 


5*113 
I 1*099 




16. China Telegraph • . . 


. • 






9-514 




t> »» ... 


. • 


1632 


107 


140 


2*831 




i» »» ... 


• . 








1*913 




^17. British Australian . . . 


1870 












Batavia and Singapore . 


• • 


} 579 


107 


140 


/ 9-514 
\ 2*831 




Batavia and Port Darwin 


•• 


■• 


107 


1-40 


9'5i4 




t> >f 


• . 


• • 


• • 


• • 


i*i9j 




J 8. Persian Gulf .... 


1868 


5»S 


225 


>oo 


5*o6 




19. Anglo-Danish .... 


1868 


36s 


180 


180 


2*40 




20. Anglo-Norwegian . . . 


1869 240 


180 


180 


2*40 




21. Moen-Banholm. • . . 


1869 82 


90 


130 


• m 




22. Aland Cable .... 


. 1869 


87 


180 


1^0 


2*40 




23. Shetland Cables . . . 


1869 


{1 


90 
180 


J30 

180 


1-04 
6*oo 




24. North China .... 


. 1870 












Hong-Kong — Shanghai . 


. . 


685 


300 


200 


I'lO 




»» »» • 


. • 


27* 


• • 


. . 


2* 10 




f> »> 


• • 


ill 


• • 


*• 


6-6o 




»t ft 


*• 


30 


. • 


. . 


1*52 




Shanghai— Posietta . . 


. ■ 


990 


300 


200 


I'lO 




»» f» • • 


. . 


9» 


. . 


• . 


2*40 




»» >» • • 


• * 


96 


• • 


. • 


6-60 




»» fr • - 


. » 


20 


• • 


• • 


1*52 
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RECENT TELEGRAPH CKSLES-^onHnued. 



PER KNOT. 



Hemp. 



Tons. 



'725 
•140 

•725 
•150 



•587 
•108 
•122 

•273 
•066 

•666 
•103 
•259 

•666 

•lOJ 

•666 
•107 



•145 
•250 



Asphalte. 



Tons. 



I '080 
•346 

I" 080 
•360 



1*304 

•443 
•385 
•810 
•247 

1*371 

•443 
•459 

1-371 

'443 
1-371 

•393 



260 
450 



Complete* 



Tons. 



11-737 
1-864 

11*737 
I -880 



11-521 

3*375 

3*397 
6-331 

1*541 

11-412 

3-286 

2-712 

11-665 

3*490 
11-665 

1-796 

3*73 
3-00 

3'oo 

• • 
3-00 
1-64 
6-95 

1-50 
3-00 
8-00 

18-00 
1-50 
3-00 
8-00 

18-00 



REMARKS. 



Shore ends. 
Main. 
Shore ends. 
Main. 



Shore ends. 
Intermediate. 
Main. 

Shore ends. 
Main. 

Shore ends. 
Intermediate. 
Main. 

Shore ends. 
Main. 

Shore ends. 
Main. 



Section A 
B 
C 
D 
A 
B 
C 
D 



if 
»» 
»» 

99 



* Hooper's India-rubber. 



^TION TABLE. 
ttta Percha. 
:)r various periods t 



ilFICATION (IN ^! 



Ten 



15 



18 



19 



20 



PjjICe to resistan 



I 



57 
53 
50 
46 
4» 
39 
35 
32 



[•429 
,[•4^ 
1-50 
1-55 

1*62 
I'72 

r88 

2*22 



!•« 


I'M 


1*36 


1-38 


1*40 


I "43 


1-47 


I-5I 


1*56 



1*64 
1-74 
I '905 

2*25 



I' 333 

i'3io 

I -365 
1*387 
1-414 

1*445 
1*48 

1-525 

1-58 

1-65 

1*76 

1*92 

2*29 



40 



45 



60 



66 



eo 



1-365 

1*39 
1*42 

1-46 

1-49 

1-54 
1*60 

1-66 

1-74 

1-87 

2-03 

2*22 

2-71 



1-371 
1-40 

I-4J 
1-47 

I -51 
1-56 
1-622 

1-69 

1-779 



1-376 



1*381 



I '384 



X-641 



i-66x 



1-678 



2-775 



2*825 



2-86 



2-899 




\ 



^TION TABLE. 
|tta Percha. 



t 


)r various periods t< 












1 


[IIFICATION (IN ij 




Tcnji8 


19 


20 : 


40 


45 


60 


66 


eo 


Fal 

o 
75- 


^CE TO RESISTAnI 

1 


i'321 


1-33 


— 1 

1-333 > 


1-365 


1-371 


1-376 


1-381 


I '384 


,ifM 


I'M 


1*350 


1*39 


1*40 




• • 


• • 
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German, Italian, and Spanish, 3100 pp., and nearlf 
8000 en^avings^ in super-royal Svo, in 8 divi§ion§ ^g 
Complete in 3 vol^.^ cloth ^^ 

Bound in a superior manneri half-mproccp, tpp edge 
gilt, 3 vols. £,6 1 2 
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Containing Complete Treatises on 

I 

Agricultural Instruments, including j Fan. 
Steam Ploughing and Steam I Fire-arms. 



Ploughing Apparatus. 
Air-pump. 
Alloys (Metallic) employed in the 

Useful Arts. 
Anemometers. 
Bam Machinery, 
Battery. 
Bells (Large), How to construct to 

sound any required note. 
Belts and Belting. 
Boilers, the Principles and Practice of 

Boiler Construction. 
Bootmaking Machinery. 
Boring and Blasting. 
Boring ai^d Sinking Artesian Wells. 
Brake (Railway). 
Brick-making. 

Bridges — Timber, Stoqe, and Inm. 
Cables. 
Cements. 
Coal Mining. 
Coolers and Refrigerators. 
Cotton Machinery. 
Damming. 
Details of Engines. 
Docks and Harbours. 
Dynamometer. 
Electio-Metallurgy. 
Engines, Varieties of* 



FaUc MachiaiBry. 

Forging, Machinery for, 

Foundmg suid Casting. 

Friction. 

Furnace. 

Gas, Manu£u:ture oi. 

Hand Tools. 

Haulage of Coal. 

Hydraulics and Hydraulic Machines. 

Ice-making Machine. 

Iron ManufjACture. 

Iron-ship Building. 

Irrigation. 

Lifts, lioists, and Elevators. 

Lights, Buoys, and Beacons. 

Locks and Lock Gates. 

Locomotive Engine. 

Machine Tool$. 

Marine Engine. 

Materials of Construction. 

Mechanical Movements. 

Metallurgy. 

Mills and Mill-work. 

Ores. 

Paper Machinery. 

Permanent Way. 

Piles and Pile-driving. 

Pinnnaking Maduaisry. 

Pipes. 
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OOKttXfmr-^onHnmid. 



Pomps and Pnminng. 

Railway Engineering. 

ReMProin. 

Retaining Walls. 

Rivers. 

Roads. 

Roots. 

Rope-making. 

Scaffolding. 



Signals. 

Silver. 

Stationary Engines. 

Stave and Cask Machinery. 

SteeL 

Sugar Machinery. 

Telegraph. 

Ventilating and Warming. 

Waterworks. 



Screw Engines. I Wood-worlcmg Machinery. 

DilapidatioiLB. 

Dilapidations, a Text-book for Architects and Sur- 
veyors, in tabulated form, by Banister Fletcher, 
Fellow Royal Inst Brit Arch. (Author of Model 
Houses), showing who are liable for Dilapidations, 
and the extent of the liability of Lessors, Lessees, 
Tenants at will, Tenants by elegit, Statute, Mer- 
chant, or Staple Tenants in fee simple, Tenants in 
tail, Tenants for life, Tenants for years without im- 
peachment of Waste^ Mortgagor, Mortgagee in 
Possession, Yearly Tenants, Tenants in Common, 
and joint Tenants, Rights of coparceners, also what 
are dilapidations and waste, and further fully 
instructs the surveyor how to take and value them ; 
to which is added the duties of surveyors, with a 
table of legal cases, embracing the most recent, and 
illustrated throughout by examples drawn from the 
author's experience, and latest legal decisions, 
crown 8vo, cloth 5 o 

Dry Hot. 

A Treatise on the Origin, Progress, Prevention, 
and Cure of Dry Rot in Timber ; with Remarks on 
the Means of Preserving Wood from Destruction 
by Sea-Worms, Beetles, Ants, etc., by Thomas Allen 
Briton, late Surveyor to the Metropolitan Board of 
Works, etc., tic^jflateSy crown 8vo, cloth 7 6 

JEarthwork Tables. 

Tables for Computing the Contents of Earthwork 
in the Cuttings and Embankments of Railway^, by 
W. Macgregor, royal 8vo, cloth 6 o 

"It is a difficult matter to compute the amount of earthwork removed from 
cuttings and piled up into embankments for railwa)rs ; owing to the unevenness 
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of the surface of the ground, it is, in JGact, impossible to obtain absolute accuracy, 
and all that can be done is to calculate as close to truth as practicable. For 
this purpose Mr. Macgregor has compiled these tables, which will give the 
approximate quantity, sometimes more and sometimes less. The tables are 
arranged for cuttings of 30 ft. base, with slopes varying from J to I to 2 J to i, 
and for bases of 15 ft to 36 ft with slopes of i} to i or 2 to i.'* — English 
Mechanic. 

Electrical Testing. 

A Handbook of Electrical Testing, by H.* R. 
Kempe, Assoc, of the Society of Telegraph Engi- 
neers, fcap. 8vo, cloth 5 o 

Electricity. 

Electricity; its Theory, Sources, and Applications, 
by John T. Sprague, Member of the Society of 
Telegraph Engineers, with 91 woodcuts and 30 
valuable tables, crown 8vo, cloth 8 o 

Electric Telegraph. 

Electricity and the Electric Telegraph, by George 
B. Prescott, with 564 woodcut illustrations^ 8vo, 
cloth 18 o 

Electric Telegraph. 

Electro-Telegraphy, by Frederick S. Beechey, Tele- 
graph Engineer, a Book for Beginners, fcap. 8vo, 
cloth I 6 

Electric Telegraph. 

Electrical Tables and Formulae for the use of Tele- 
graph Inspectors and Operators, compiled by 
Latimer Clark and Robert Sabine, with wood en- 
gravings, crown 8vo, cloth 126 

Engineering Drawing. 

An Elementary Treatise on Orthographic Projec- 
tion, being a new method of Teaching the Science 
of Mechanical and Engineering Drawing, intended 
for the instruction of Engineers, Architects, Builders, 
Smiths, Masons, and Bricklayers, and for the use of 
Schools, with numerous illustrations on wood and 
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sted^ by William Biims, Associate Institute Civil 
Engineers, late Master of the Mechanical Prawing 
Class fit the Department of Science and Art, and 
at the School of Mines, formerly professor of 
Applied Mechanics at the College fior Civil Engi- 
neers, etc., eighth edition, 8vo, cloth 9 o 

Mr. Binn^ system of Mechanical Drawings is in suc- 
cessful qperaiim in all the Art Schools of the United 
Kingdom, 

Engineering Drawing. 

The Second Course of Orthographic Projection; 
being a continuation of the New Method of Teach- 
ing the Science of Mechanical and Engineering 
Drawing; with some Practical Remarks on the 
Teeth of Wheels, the Projection of Shadows, Princi- 
ples of Shading, and the Practice of Making to 
Scale Drawings from Actual Machinery. Intended 
for the Instruction of Engineers, Architects, Builders, 
Smiths, Masons, and Bricklayers, and for the use of 
Science Schools and Classes, with numerous illus- 
trations, by WiUiam Binns, Consulting Engineer, 
Associate I.C.E., late Master of the Mechanical 
Drawing Class at the Department of Science and 
Art, and at the Royal School of Mines ; formerly 
Professor of Applied Mechanics at the College for 
Civil Engineers, etc., 8vo, cloth 10 6 

Engineering Papers. 

Engineering Papers, by Graham Smith, 8vo, cloth 5 o 

Engineers' Pocket-Book. 

A Pocket-Book of Useful Formulae and Memoranda 
for Civil and Mechanical Engineers, by Guilford 
L. Molesworth, Mem. Ins. C. K, Consulting Engi- 
neer to the Government of India for State Railways, 
nineteenth edition, revised, with a valuable con- 
tribution on Telegraphs by R. S. Brou^ and Dr. 
Paget Higgs, jamo, roan 6 o 

Ditto, Interleaved with Ruled Paper for Office use 9 o 

Ditto, printed on India paper, for the waistcoat pocket 6 o 
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Synopsis of Contents. 



Surveying, Levelling, etc. 
Strength and Weight of Materials. 
Earthwork, Brid^work, Masomy, 

Arches, etc. 
Struts, Columns, Beams, and Trusses. 
Flooring, Roofing, and Roof Tnisses. 
Girders, Bridges, etc. 
Railways and Roads, 
Hydraulic Formulae. 
Canals, Sewers, Waterworks, Docks. 
Irrigation and Breakwaters. 
Gas, Ventilation, and Warming. 
Heat, Light, Colour, and Sound. 
Gravity — Centres, Forces, and Powers. 
Millwork, Teeth of Wheels, Shafting, 

etc. 
Workshop Recipes. 
Sundry Machinery. 
Animal Power. 
Steam and the Steam Engine. 



Tur- 



Water-power, Water-wheels, 

bines, etc. 
Wind and Windmills. 
Steam Navigation, Ship -Building, 

Tonnage, etc. 
Gunnery, Projectiles, etc. 
Weights, Measures, and Money. 
Trigonometry^ Conic Sections, and 

Curves. 
Telegraph. 
Mensuration. 
Tables of Areas and Circumference, 

and Arcs of Circles. 
Logarithms, Square and Cube Roots, 

Powers. 
Reciprocals, etc. 
Useful Numbers. 

Differential and Integral Calculus. 
Algebraic Signs. 
Telegraphic ConstruGticm & Formulae. 



Engineers' Tables. 

Spons' Tables and Memoranda for Engineers, 
selected and arranged by J. T. Hurst, C.E., Author 
of * Architectural Surveyors' Handbook/ * Hurst's 
Tredgold's Carpentry/ etc., 64010, roan, gilt edges, 



second edition 
Or in cloth case 


I 
I 6 


Contents : 


Excavators' Memoranda 


Size of Heads, Nuts, &c. • 


Bricklayers' ,, 


„ Rivets 


Fire-Clay Flue Linings 


Shrinkage of Castings 


Weight of Bricks and Tiles 


Corrugated Iron 


Masons' Memoranda 


Zinc 


Weight of Limes and Cements 


Weight of Round and Square Iron 


,, Purbeck Paving 


,, Flat Bar Iron 


,, Yorkshire 


,, Round Cast Iron 


,, Marble Slabs 


,, Various Metals per ft. 


Slaters' Memoranda 


sup. 


Weight of Slates 


,, Sheet Iron 


Carpenters' Memoranda 


,, Hoop Iron 


Deal Standards 


„ Chains, and size of Cast 


Purlins 


Iron Pipe 


Roof Scantlings 


,, Heads, Nuts, & Washers 


Floors 


,, Cast Iron Socket Pipes 


Rafters 


Wire 


Plasterers* Memoranda 


Size and Weight of Nails per M. 


Smiths* and Founders' Memo- 


„ „ Spikes 


randa 


Weight of Cast Iron Balls 
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Contents— r^/fiftfA/. 



Weight of Corrugated Iron Roofing 
,, Nails 

„ Shoes for Door Frames 
Relative Weight of Various Metals 
Proportion of Wheels 
Cast Iron Pillars 
Relative Strength of Cast and 

Wrought Iron Pillars 
Safe Load for Stone Pillars 

„ Floors 

Strength of Rolled Iron Beams 
Fire- Proof Floors 
Wrought Iron Roofs 
Plumbers' Memoranda 
Weight of Sheet Lead 
,, Lead Pipes 
Painters' and Glaziers' Memo- 
randa 
Sundry Memoranda 
Weight of metals per foot cube 

Earth/ Stone, etc., per ft, 

cube 
Tunber 



}» 



i> 



Weight of Liquids 

Men and Animals 

Forage 

Water 

Oil 

Coal 
Ropes 

Railway Curves 
Measurement of Heights 
Railway Road Crossings 
Measurement of Distances 
Mensuration 
Circumferences of Circles 
Areas of Circles 
Regular Polygons 
Money Tables, English and Foreign 
Weights and Measures 
Weight and size of Casks 
Size of Paper 
French Measures 
Maltese 

Comparison of English and Foreign 
Measures 



This work is printed in a pearl type, and is so small, measuring only 2.\ in. 
by I J in., by J m. thick, that it may be easily carried in the waistcoat pocket. 

* * It is certainly an extremely rare thing for a reviewer to be called upon to 
notice a volume measuring but 2^ in. by if in., yet these dimensions faithfully 
represent the size of the handy little book before us. The volume — ^wbich con- 
tains 1 18 printed pages, besides a few blank pages for memoranda — is, in £3u:t, 
a true pocket-book, adapted for being carried in the waistcoat pocket, and 
containing a far greater amount and variety of information than most people 

would imagine could be compressed into so small a space The lime 

volume has been compiled with considerable care and judgment, and we can 
cordially recommend it to our readers as a useful little pocket companion.'' 



French-Polishing. 

The French-Polisher's Manual, by a French-Polisher, 
containing Timber Staining, Washing, Matching, 
Improving, Painting, Imitations, Directions for 
Staining, Sizing, Embodying, Smoothing, Spirit 
Varnishing, French-Polishing, Directions for Re- 
polishing, royal 32mo, sewed 



Gas. 



Analysis, Technical Valuation, Purification and Use 
of Coal Gas, by the Rev. W. R. Bowditch, M.A., 
with wood engravings^ 8vo, cloth 



6 



12 
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Condensation of Gas — Purification of Gas — Light — Measuring — Place of 
Testing Gas — Test Candles — ^The Standard for Measuring Gas-Light — Test 
Burners — Testing Gas for Sulphur — Testing Gas for Ammonia — Condensation 
by Bromine — Gravimetric method of taking Specific Gravity of Gas — Carburet- 
ting or Naphthalizing Gas — Acetylene — Explosions of Gas — Gnawing of Gas- 
pipes by Rats — Pressure as related to Public Lighting, etc. 

"While the Gas Question is claiming the attention of the inhabitants of 
London and many of the large provincial towns, Mr. Bowditch's book must 
prove useful. The whole subject of the production, purification, and use of Gas, 
is treated in a perfectly exact, yet at the same time in a clear and concise man- 
ner. The Gas manager will find in its pages a careful examination by a man 
of science and great experience of all the methods which have been introduced 
for removing the non-illuminating and offensive principles from Coal Gas. The 
use of the Photometer in all its varieties is described, etc., with an important 
chapter on testing Gas." — Athmcsum, 

Gas. 

The Gas Consumer's Handy Book, by William 
Richards, C.E., i8mo, sewed o 6 



Gas. 

The Gas Fitter's Guide, showing the Principles and 
Practice of Lighting with Coal Gas, by J. Eldridge, 
second edition, mts^ post 8vo, sewed i o 

Gas Manufacture. 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, by William Richards, demy 4to, 
with numerous wood engravings and large plates^ 
cloth 28 o 

Synopsis of Contents. 

Introduction — History of Gas Lighting — Chemistry of Gas Manufacture, 
by Lewis Thompson, Esq., M.R.C.S. — Coal, with Analyses, by J. Paterson, 
Lewis Thompson, and G. R. Hislop, Esqs. — Retorts, Iron and Clay — Retort 
Setting — Hydraulic Main — Condensers — Exhausters — Washers and Scrub- 
bers—Purifiers — Purification — History of Gas Holder — Tanks, Brick and 
Stone, Composite, Concrete, Cast-iron, Compound Annular Wrought-iron — 
Specifications — Gas Holders — Station Meter — Governor — Distribution — 
Mains — Gas Mathemathics, or Formulae for the Distribution of Gas, by Lewis 
Thompson, Esq. — Services — Consumers* Meters — Regulators — Burners — 
Fittings — Photometer — Carburization of Gas — Air Gas and Water Gas — 
Composition of Coal Gas, by Lewis Thompson, Esq. — Analyses of Gas — 
Influence of Atmospheric Pressure and Temperature on Gas — Residual Pro- 
ducts — Appendix — ^Description of Retort Settings, Buildings, etc., etc. 
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Excepting in the work * Modem Marine Engineering,* there is no book 
that contains practical description and. illustration of the Link-Motion and' 
Expansion-Gear. Mr. Burgh therefore put himself in communication with the 
principal Mechanical Engineering Firms of England and Scotland, for the pur- 
pose of making this the Standard Book of Reference on the above subjects. 

Locomotive. 

Catechism of the Locomotive, by W. N. Forney, 
Mechanical Engineer, with tables^ i^pUUes^ and 227 
uwod engravings^ crown 8vo, cloth 9 o 

Machinery. 

Appleby's Illustrated Handbook of Machinery : 

Section i. Prime Movers, including Fixed, Portable 
and Marine Engines; Boilers; Locomotives; Steam 
Launches ; Heated Air, Gas, and Water Engines ; 
Turbines and Water Wheels, with prices, weights, 
measurements, and some data on working expenses 
and results obtained, by C. J. Appleby, 8vo, cloth 2 o 

Ditto, ditto. Section 2. Hoisting Machinery, in- 
cluding Winding Engines; Hydraulic, Steam, and 
Hand Cranes, Winches, and Jacks, 8vo, cloth 3 6 

Ditto, ditto. Section 3. Pumping Machinery, in- 
cluding Pumping Engines, Centrifugal Steam and 
Hand Pumps, with prices, etc., etc., 8vo, cloth 3 6 

Mechanical Engineering. 

The Mechanician and Constructor for Engineers, 
comprising Forging, Planing, Lining, Slotting, Shap- 
ing, Turning, Screw Cutting, etc., by Cameron 
Knight, illustrated by 96 4to plates^ containing 1147 
illustrations y and 397 pages of letterpress^ 4to, 
cloth jQ2 10 o 

Or, half-bound French morocco \ £2 12 6 

Mechanics. 

The Essential Elements of Practical Mechanics, 
based on the principle of work, designed for 
Engineering Students, by Oliver Byrne, formerly Pro- 
fessor of Mathematics, College for Civil Engineers, 
second edition, illustrated fy numerous wood en- 
gravings, post 8vo, cloth 7 6 
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Contents : 

Chap. I. How work is measured by a unit, both with and without reference 
to a unit of time. Chap. 2. The work of living agents, the influence of friction, 
and introduces one of the most beautiful laws of motion. Chap. 3. The 
principles expounded in the first and second chapters are applied to the 
motion of bodies. Chap. 4. The transmission of work by simple machines. 
Chap. 5. Useful propositions and rules. 

MiUwright's Guide. 

The Practical Millwright's and Engineer's Ready 
Reckoner, or Tables for finding the diameter and 
power of cog-wheels, diameter, weight, and power of 
shafts, diameter and strength of bolts, etc., by 
Thomas Dixon, fourth edition, i2mo, cloth 3 o 

Contents : 
Diameter and power of wheels,'diameter, weight, and power of shafts, multi- 
pliers for steam used expansively, diameters and strength of bolts, size and 
weight of hexagonal nuts, speed of governors for steam engines, contents of 
pumps, working barrels, circumferences and areas of circles, weight of boiler 
plates, French and English weights and measures, etc. 

ISIining Machinery. 

Mining Machinery, a Descriptive Treatise on the 
Machinery, Tools, and other Appliances used in 
Mining, by G. G. Andr^, F.G.S., Assoc. Inst C.E., 
Mem. of tiie Society of Engineers. 

In 12 Monthly Parts, royal 4to, uniform with the 
Author's Treatise on Coal Mining, and when com- ' 
plete will contain about 150 plates, accurately 
drawn to scale, with descriptive text, each Part 5 o 

Now ready. Vol. I., cloth jQi 16 o 

Contents : 
Machinery for Prospecting, Excavating, Hatding, and Hoisting — Ventila- 
tion^ Pumping — Treatment of Mineral Products, including Gold and Silver, 
Copper, Tin, and Lead, Iron, Coal, Sulphur, China, Clay, Brick, Earth, etc. 

Perpetual Motion. 

Perpetutmi Mobile ; or, Search for Self-Motive 
Power during the 17th, i8th, and 19th Centuries^ 
illustrated from various authentic sources in papers, 
essays, letters, paragraphs, and numerous patent 
specifications, with an Introductory Essay by Henry 
Dircks, C.K, with numerous engravings of machinesy 
crown 8vo, cloth 10 6 

Ditto, ditto. Second Series, with numerous engravings 
and portraits, crown 8vo, cloth 10 6 
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'* A cttrions and inteMstiiig woik. Mr. Dircks' chief purpose was to collect 
together all the materials requisite to form a record of wnat has been done, or 
attempted rather, in this curious branch of quasi science, and most instructive 
in one sense it is. Mr. Dircks' rolume is well worth looking into ; it contains 
a vast deal of entertaining matter.*' — Builder. 

Plan and Map Drawing. 

The Draughtsman's Handbook of Plan and Map 
Drawing, including instructions for the preparation 
of Engineering, Architectural, and Mechanical Draw- 
ings, with numerous iliustraHans and coloured ex* 
ampies^ by G. G. Andr^, F.G.S., M.S.E., crown 4to, 
cloth 15 

Pyrology. 

Pyrology, or Fire Chemistry ; a Science interesting 
to the general Philosopher, and an art of infinite 
importance to the Chemist, Mineralogist, Metallur- 
gist, Geologist, Agriculturalist, Engineer (Mining, 
Civil, and Military), etc., eta, by William Alexander 
Ross, lately a Major in the Royal Artillery, tvUA 
plates and woodcuts^ crown 4to, cloth jQi 16 

Bailway Orosaings. 

Switches and Crossings ; Formulae for ascertaining 
the Angles of Crossings, the Lengths of Switches, 
and the Distances of the Points of the Crossings 
and the Heels of the Switches from the Springing 
of the Curve, by W. Donaldson, M.A., A.I.C.E., 
Author of ' A Treatise on Oblique Arches,* plates, 
8vo, cloth 10 6 

Bailway Ourvea. 

Tables for setting out Curves for Railways, Canals, 
Roads, etc, varymg from a radius of five chains to 
three miles, either with or without a Theodolke, 
by .A3t^il>ald Kennedy and R. W» Hackwood,. 
32mo, cloth 2 6 

Bailway Engineering* 

Remunerative Railways for new Countries, with 
some account of the first Railway in China, by 
Richard C. Rapier, Member and Telford Medalist 
Inst. C.E., numerous illustrations and estimates^ 
crown 4to, cloth, gilt i g e 
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Manual of Railway Engineering, lor the Field and 
the Office, by Charles P. Cotton, C.K, second 
edition, revised and enlarged, post Svo, cloth 7 6 

Bailway Signals. 

A Treatise upon Railway Signals and Accidents, by 
Archibald D. Dawnay, Assoc. Inst C.E., cufyy 8vo, 
sewed 2 o 

Beservoirs. 

On the Construction of Catch-water Reservoirs in 
Mountain Districts for the supply of Towns, or for 
other purposes, by C. H. Beloe, Author of *The 
Handbook of the Liverpool Water-works/ plates j 
8vo, cloth 5 o 

Bennie, Sir John. 

The Autobiography of Sir John Rennie, Past^Pres^ 
dent of the Institution of Civil Engineers, F.R.S., 
eta, etc., edited by his son, C. G. C. Rennie, with 
portrait, 8vo, cloth 12 6 

"At once modest and manly, simple in pfaraseolc^^ and sound in its 
scientific conceptions, bright with references to some of the most famous 
spots in the world, to many of the most noted characters of English society 
-within the present centmy, and to most of the chief engineering works of our 
time, the 'Autobiography' of Sir John Rennie is a work of lingular interest. 
Written in idiomatic EzigUsh of unusual purity, the narratire is light and 
graceful ; while the scientific descriptions of the numerous works constructed, 
designed, or reported on by the author, attaiiL thje clearness of a good 
specification, without ceasing to be readable. The volume is a wotkof 
unuswd merit*' — Aihencntm, 

Setaining Walls. 

Surcharged and Different Forms of Retaining Walls, 

by J. S. Tate, cuts, 8vo, sewed 2 o 

Sanitary Engineeringr. 

Sanitary Works Abroad; Report ot the Com- 
mission appointed to propose Measures for remedy- 
ing the Pollution of the Seine, with a Description of 
the Works in course of execution for the Sewage of 
Berhn, and the Application of Sewage to Irrigation 
at Marienfelder and Falkenburg, translated from 
the French by Robert Manning, M.I.C.E., Chief 
Engineer to Her Majestjr's Board of Public Works 
in Ireland, 8vo, sewed 20 
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Sanltaxy Engineering. 

A Series of Lectures given before the School of 
Engineering, Chatham. Division L Air. Division 
IL Water. Division III. The Dwelling. Division 
IV. The Town and Village. Division V. The 
Disposal of Sewage. Copiously illustrated. By J. 
Bailey Denton, C.E., F.G.S., Honorary Member of 
the Agricultural Societies of Norway, Sweden, and 
Hanover, and author of the ' Farm Homesteads of 
England,' ' Village Sanitary Economy/ ' Storage of 
Water,' ' Sewage Farming,' Intermittent Downward 
Filtration/ royal 8vo, cloth 25 o 

Scouring. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestie Use, by S, Christopher, 
x8mo, sewed o 6 

Screw-PropulBion. 

A practical Treatise on Modem Screw-Propulsion, 
by N. P. Burgh, Engineer, iUusirated with 52 large 
plates and 103 woodcuts y 4to, half-morocco j[,2 2 o 

Contents : 

Chaps, i and a. Introduction, by G. B. Rennie, M.I.C.E. — Chap. 3. 
The Geometry of Screw Propellers. — Chap. 4. The History of the Griffith 
Screw Propdler, by R. Griffith.— Chap. 5. The Geometry of the Griffith 
Screw Propeller. — Chap. 6. The Geometry of the Paddle- Wheel, by Charles 
Barclay.— Chap. 7. A description of Modem Screw Propellers, constmcted 
by the most eminent Marine Engineers in England and Scotland. — Chap. & 
On Twin Screw Propellers, by Messrs. W. and J. Dadgeon. — Chap. 9. On 
Twin Screw Propellers. — Chap. la General Remarks on the Twin Screw 
System, by Capt T. E. Symonds, R.N. — Chaps, ii and 12, A description 
of Modem Details in connection with Propellers. — Chap. 43. The Practical 
Restdts of Lignum Vitse bearings for Screw Propellers and Screw Shafting, by 
John Penn, M.E. and C.E. — Chap. 14. A description of the Feathering 
Screw Propeller, as fitted to certain ships by Messrs. Maudslay, Son, and 
Field. — Chap. 15. A description of several proposed arrangements for feather- 
i ng the Blades of Screw Propellers. — Chap. 16. A description of modem 
examples of Thrust Blocks as ntted to Screw Propellers' shafting. — Chaps. 17 
and 18. The Principles of Thrust Blocks for resisting the thrust of ScrewJPro- 
pellers, by Mr. W. Langdon. — Chap. 19, A descnption of a new principle 
of the Screw Propeller, by Arthur Rigg- — Chaps. 20 and 21. A comparative 
review of modem Screw Propdlers. — Chap. 22. Rules for the proportion of 
Screw Propellers. An Appendix to Chap. 15 ; Feathering Screw Propeller, 
by Robert Griffith, etc., etc. 
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Screw Cutting. 

Tables for Engineers and Mechanics, giving the 
values of the different trains of Wheels required to 
produce Screws of any pitch, cialculated by Lord 
Lindsay, M.P., F.R.A.S., F.R.G.S., etc., etc., royal 
8vo, oblong 2 o 

Screw Cutting. 

Screw Cutting Tables, for the use of Mechanical 
Engineers, showing the proper arrangement of 
Wheels for cutting the Threads of Screws of any re- 
quired pitch, with a Table for making the Universal 
Gas-pipe Threads and Taps, by W. A. Martin, 
Engineer, second edition, royal 8vo, oblong, doth i o 

Ditto, ditto, sewed o 6 

Sewage. 

A Handbook of Sewage Utilization, by Ulick 
Ralph Burke, Esq., Barrister-at-Law, second edition, 
crown 8vo, cloth 3 6 

This work treats : I. Of the evils of the present system of Sewage Treatment, 
the Pollution of Water, and the Waste of Manure. II. Remedies, Privy, and 
Ash-pit ; Eureka System ; Milan, Goul, and Moule*s Systems. III. Treat- 
ment of Sewage by Chemical means ; Experiments with Lime ; Lime and 
Chloride of Iron ; Sulphate of Ammonia ; Holden's Process ; Sulphate of 
Alumina ; Persalts of Iron ; Blyth, Lenk, Phosphate, A.B.C., Scott, and Hille 
Processes ; Filtration. IV. Irrigation, With an Appendix, including the 
Law relating to Sewage Utilization. 

Slide Valve. Designing Valve- gearing. 

A Treatise on a Practical Method of Designing 
Slide Valve Gearing by Simple Geometrical Con- 
struction, based upon the principles enunciated in 
Euclid's Elements, and comprising the various 
forms of Plain Slide Valve and Expansion Gearing ; 
together with Stephenson's, Gooch's, and Allan's 
Link-Motions, as applied either to reversing or to 
variable expansion combinations, by Edward J. 
Cowling Welch, Memb. Inst. Mechanical Engineers, 
crown 8vo, cloth 6 o 

The system described in this work enables any draughtsman or foreman to 
** get out" in a few minuUSf and with the greatest precision, all the details of 
a Slide Valve Gear, without recourse to mcKlels or other similar appliances. 
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Silver Mines. 

Vazecri Rupi, the Silver Country of the Vazeers, in 
Kulu : its Beauties, Antiquities, and Silver Mines, 
including a Trip over the lower Himalayah Range 
and Glaciers, by J. Calvert, F.Gi5., Mem. Inst C.E., 
illustrated with a map and coloured plates ^ 8vo, cloth 1 6 o 

Spectrum Analysis. 

Photographed Spectra. One hundred and thirty-six 
Photographs of Metallic, Gaseous, and other 
Spectra, printed by the permanent autotype process, 
with Introduction, Description of Plates, and Index ; 
and with an extra plate of the Solar Spectrum 
(showing bright lines), compared with the Air 
Spectrum, by J. Rand Capron, F.R.A S., 8vo, * 
cloth jQi lo o 

Steam Boilers, 

Practical Treatise on Steam Boilers and Boiler 
Making, by N.P. Burgh, Mem. Inst Mec. Eng., 
illustrated by 1163 wood engravings and 50 large 
folding plates of working drawings^ royal 4to, half- 
morocco £^ 13 6 

Contents : 

Marine Boilers. Locomotive Boilers. Portable Land Boilers. Stationary 
Land Boilers. Cylindrical Boilers. Vertical Boilers. Tube Boilers. Circular 
Boilers. Water Tube Boilers. !• ire Engine Boilers. Furnace Boilers. Gas 
Fuel Boilers. Oil Fuel Boilers. Mechanical Coal-Feeding Furnaces. Me- 
chanical Oil-Feeding Furnaces. Self-Acting Non-Feed Alarm Apparatus. 
Safety Valves, with Loads and Self- Adjusting Springs. Feed Pumps. Feed 
Injectors. Self- Acting Feed- Water Apparatus. Smoke-Consuming Apparatus. 
Construction. Proportions. Setting. Rules. Contracts. Repairs. Prices. 
Explosions. Nature of Metals used. Galvanic Actions. Incrustation and 
Cleansing. 

Steam Boilers. 

A Pocket-Book for Boiler Makers and Steam Users, 
comprising a variety of useful information for 
Employer and Workman, Government Inspectors, 
Board of Trade Surveyors, Engineers in charge of 
Works and Slips, Foremen of Manufactories, and 
the general Steam-using Public, by Maurice John 
Sexton, royal S2mo, roan, gilt edges 5 o 



E. *P. V. 8P0V: IiOKMNEI AV» VBUT TOSS. 



CATALOGUE OF SCIENTIFIC BOOKS. 33 



Steam Engine. 

Modern Marine Engineering applied to Paddle and 
J Screw Propulsion ; consisting of ^6 flates, 259 mood 

^ engravings^ and 403 pages of descriptive matter, the 

whole being an exposition of the present practice of 
the following firms : Messrs. J. Penn and Sons ; 
Maudslay, Sons, and Field ; James Watt and Co. ; 
J. and G. Rennie ; R. Napier and Sons ; J. and 
W. Dudgeon ; Ravenhill and Hodgson ; Humphreys , 
and Tennant ; Mr. J. F. Spencer ; Messrs. Forester 
and Co. By N. P, Burgh, Engineer, 4to, cloth ^2 5 o 

Steam Engine. 

Modern Compound Engines, being a Supplement 

to Modern Marine Engineering, by N. P. Burgh, 

II Mem. Inst. Mech. Eng., numerous large plates of 

working drawings y 4to, cloth 18 o 

The following firms have contributed Working Drawings of their best and 
most modem exan^ples of Engines fitted in the Royal and Mercantile Navies : 
Messrs. Maudslay, Rennie, Watt, Dudgeon, Humphreys, Ravenhill, Jackson, 
Perkins, Napier, Elder, Laird, Day, Allibon. 

Steam Engine. 

A Practical Treatise on the Steam Engine, contain- 
ing Plans and Arrangements of details for Fixed 
i Steam Engines, with Essays on the Principles in- 

•^ volved in Design and Con^juction, by Arthur 

j Ri g> Engineer, Member of the Society of Engineers 

jj and of the Royal Institution of Great Britain. 

f; Demy 4tQ, in 12 Monthly P^rts, copiously illustrated 

« ^ with woodcuts oind plates, each Part 9^ o 

* *0r complete in One Volume, half-bound morocco . ^£2 2 o 

Steam Engine. 

The Relative Merits of Simple and Compound 
Engines as applied to Ships of War ; Prize Essay 
by Niel McDougall, Assoc. Inst. C.E., Mem. Inst. 
N.A., of the Department of the Controller of the 
Navy, with an Appendix, containing particulars 
and analyses of recent experiments, second edition, 
8vo, cloth 4 6 
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Steam Engine. 

The Steam Engine considered as a Heat Engine : 
a Treatise on the Theory of the Steam Engine, 
illustrated by Diagrams, Tables, and Examples 
from practice. By James H. Cotterill, M.A., Pro- 
fessor of Applied Mechanics in the Royal Naval 
College; 12 6 

Steam Engine. 

A Pocket-Book of Practical Rules for the Propor- 
tions of Modem Engines and Boilers for Land and 
Marine purposes, by N. P. Burgh, sixth edition^ 
revised, with Appendix, royal 32mo, roan 4 6 

Details of High-Pressure Engine, Beam Engine, Condensing, Marine Screw 
Engines, Oscillating Engines, Valves, etc., L^d and Marine Boilers, Propor- 
tions of Engines product by the rules, Proportions of Boilers, etc. 

Strength of Beams. 

New Formulas for the Loads and Deflections of 
Solid Beams and Girders, by William Donaldson, 
M.A., Assoa InsL C.K, 8vo, cloth 4 6 

Strength of Cement. 

Experiments on the Strength of Cement, chiefly in 
reference to the Portland Cement used in the 
Southern Main Drainage Works, by John Grant, 
Mem. Inst C.E., 8vo, cloth 10 6 

Strength of Timber. 

Tables of the Strength and Deflection of Timber, 

by William Lee, Surveyor, post 8vo, cloth i 6 

Sugar. 

A Treatise on the Manufacture of Sugar from the 
Sugar Cane, by Peter Soames, Assoc. King's Coll 
London, Assoc Inst. C.E., Editor of the * Artizan,* 
woodcuts and plates^ 8vo, cloth f 2 6 

Sulphuric Acid. 

The Chemistry of Sulphuric Acid Manufacture, by 

Henry Arthur Smith, cuts^ crown 8vo, cloth 4 6 
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Contents : 

Ground Plan of Kilns for Burning Sulphur Ores*— Section of Pyrites Fur- 
nace — On the Presence of Arsenic — Methods for Removal of Arsenic — An 
Experimental Examination of the Circumstances which determine the Action 
of the Gases in the Lead-chamber — On the Distribution of Gases in the Lead- 
chamber — On the Temperature at which Nitric Acid acts upon Sulphurous 
Acid — On the Distribution of Heat in the Lead-chamber — An Inquiry into the 
best Form of Leaden Chamber, etc. 

Surveying. 

A Practical Treatise on the Science of Land and 
Engineering, Surveying, Levelling, Estimating 
Quantities, etc., with a general description of the 
several Instruments required for Surveying, Level- 
ling, Plotting, etc., by H. S. Merrett, 41 fine plates^ 
with illustrations and tables^ royal 8vo, cloth, 2nd 
edition 12 6 

Principal Contents : 

Part I. Introduction and the Principles of Geometry. Part 2. Land Sur- 
veying ; comprising general observations — the chain — offsets surveying by the 
chain only — surveying hiUy ground, to survey an estate or parish by the chain 
only, surveying with the theodoUte — Mining and town surveying — railroad sur- 
veying — Mapping — division and laying out of land — observations on enclosures 
— plane trigonometry. Part 3. Levelling — simple and compound levelling — 
the level-book — parliamentary plan and section — Levelling with a theodolite, 
gradients — wooden curves — to lay out a railway curve — setting out widths. 
Part 4. Calculating quantities generally, for estimates — Cuttings and Em- 
bankments — Tunnels — Brickwork — Ironwork — Timber measuring. Part 5. 
Description and use of instruments in surveying and plotting — the improved 
dumpy level — Troughton*s Level — the prismatic compass — ^proportional com- 
pass — box sextant — Vernier — pantagraph — Merrett*s improved quadrant — ^im- 
proved computation scale — the diagonal scale — straight-edge and sector. 
Part 6. Logarithms of numbers — ^logarithmic sines and co-sines, tangent and 
co-tangents — natural sines and co-sines — Tables for earthwork — for setting out 
curvies, and for various calculations, etc., etc., etc. 

Table of Logarithms. 

Short Logarithmetic and other Tables, intended to 
facilitate Practical Calculations, and for solving 
Arithmetical Problems in class, by Professor W. 
Cawthom Unwin, 8vo, cloth 2 o 

Table of Logarithms. 

Table of Logarithms of the Natural Numbers, from 
I to 108,000, by Charles Babbage, Esq., M.A-, 
Stereotyped edition, royal 8vo, cloth 7 6 
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Tables of Squares and Cubes. 

Barlow's Tables of Squares, Cubes, Square Roots, 
Cube Roots, Reciprocals of all Integer Numbers up 
to 10,000, post 8vo, cloth 6 

Teeth of Wheels. 6 

Camus (M.), Treatise on the .Teeth of Wheels, 
demonstrating the best forms which can be given to 
them for the purposes of Machinery, such as Mill- 
work and Clock-work, and the art of finding their 
numbers, translated from the French, third edition, 
carefully revised and enlarged, with details of the 
present practice of Millwrights, Engine Makers, 
and other Machinists, by Isaac Hawkins, illustrated 
by 1% plates, 8vo, cloth 5 

Telephone. 

Researches in Electric Telephony, being a Lecture 
delivered before the Society of Telegraph Engineers, 
by Professor Alexander Graham Bell, profusely 
illustrated. Published under the sanction of the 
Society of Telegraph Engineers. 8vo, sewed i 

Timber Measurer and Valuer. 

The Timber Merchant and Builder's Vade Mecum, 
by George Bousfield, second edition, carefully revised 
and enlarged, i8mo, cloth 2 

Turbine. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, with 11 plates, 
specially designed for the use of operative mechanics, 
by William CuUen, Millwright and Engineer, second 
edition, revised and enlarged, small 4to, cloth 1 2 

Turning. 

The Practice ot Hand-turning in Wood, Ivory, 
Shell, etc., with Instructions for Turning such work 
in Metal as may be required in the Practice of 
Turning in Wood, Ivory, etc., also an Appendix on.. , 
Ornamental Turning, by Francis Campin, second 
edition, with wood engravings, crown 8vo, cloth (a 
book for beginners) 6 
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